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MAKE EVERY 


HEAT 


with RECARB-X. 
for the ladle 


@ FAST CORRECTION FOR OFF-CARBON HEATS — « convenient 5o- 
pound bag of RECARB-X tossed into the ladle will give two points of carbon pick-up 
per 100-tons of steel. 


3 REDUCED LADLE REACTION — RECARB-X does not cause churning, boiling 


or other violent ladle reactions. It avoids oxidation of alloys and temperature losses by 


dissolving quickly and quietly. 


a IDEAL FOR QUALITY STEEL — RECARB-X is consistently efficient at all 


carbon levels . . . effective in maintaining maximum rimming action on all high carbon 
rimmed heats . . . ideal for close carbon specifications. 


& HELPS THE MELTER — RECARB-X added to the ladle will! insure carbon speci- 


fications. RECARB-X gives the melter time to finish all heats to proper S, Mn, P, etc. 
specifications . . . and to tap at the best remperature. 


® SAFE no odor or flames to hurt workmen or damage equipment. Light 50-pound 


bag is easy to toss into the ladle 


@ ECONOMICAL — RECARB-X is a profit-making in- 


vestment. Keep your mill schedule. Put more heats into 
the soaking pit at exact carbon specifications. Make every 
heat count with RECARB-X 


Write for the RECARB-X bulletin today. Get the full 
facts and arrange a test... we will be happy to cooperate. 


OUR 101Ist YEAR 


THE UNITED STATES GRAPHITE COMPANY 
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Harry Brocke’s theme for this month's cover is drawn from the articles on the use of 
titanium in aircraft beginning on p. 443 
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Elastic and Plastic Strains and Watt Losses in Grain- 
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STOKES ANNOUNCES 


Stokes manufactures a complete line 
af ws n pumping equipment. This STOKES MECHANICAL 
VACUUM PUMPS 


ncludes mechanical vacuum pumps, 


diffusior i booster pumps. vocuum For vacuum processing systems and 


valves f geges, and complete for maintaining low fore-pressures 
vocuu strumentot In engi- in high vocuum systems, the Stokes 
Microvac pump provides efficient, 


neere acuum equipment, 


Stokes jilds vacuum metallizers, economical operation. Designed 


m rnaces and other vacuum with fully automatic lubrication 


processing equipment. and a long-lasting exhaust vaive 
assembly, every Microvoc pump is 

Stokes hos for many years been § 

octive in vacuum research. Vacuum operation. Six sizes give copoci- 

] experience among our engineers des 15 te 980 dm. 

covers the range from laboratory avoilable on al! sizes. Send for 

equipment to some of the largest . catalog listed. 

vacuum equipment in service. This 

experience is available to help solve 


your vecuum problems. 
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A NEW VACUUM FURNACE 


Stokes has developed a new vacuum furnace specially designed for laboratory and 
developmental work. Although nominally rated at 10 to 50 pounds of steel melt capacity, 
this compact unit has a large interior which permits flexibility in mold design and 
crucible size to give small production runs when required. This adaptability 

for either laboratory or production purposes is unique to the Stokes 

laboratory furnace. In every way, this laboratory unit simulates the 


operation of full-size vacuum furnace equipment, of which 
Stokes is the leading supplier. 


One of the important design features of the Stokes laboratory 
furnace is the vacuum lock, which permits multiple melts, melt 


sampling and corrective additions, use of immersion thermocouple 


and manipulation of the melt, all without breaking vacuum. 
Other features include a large mold turntable, which can be 
supplied with a pre-heat furnace, grouped controls for 
convenient operation and a matched, high-capacity pumping 
system using the new Stokes Ring-Jet Booster pump and 
the dependable Microvac forepump. 


If vacuum metals are a part of your future, or might be, write 


SEND FOR 
TECHNICAL 
LITERATURE 


Microvac Pumps—Catolog 750 
Diffusion and Booster Pump 
Specification sheets 
ond performance curves 
The Story of the Ring-Jet Pump 


Complete Vocuum Processing 
Systems—Catolog 730 


How to Core for Your 
Vacuum Pump—Booklet 755 


Vacuum impregnation — 
Catalog 760 


Vacuum Drying—Catalog 720 


Vacuum Furnoces — 


790 
to Stokes for more information on both laboratory and — 
Vacuum Metallizing — 
high-capacity vacuum furnaces. Catalog 780 
Vacuum Calculator 


Slide Rule 
| F. J. Strokes MACHINE COMPANY, 


PHILADELPHIA 20, Pa. 


| 


VACUUM EQUIPMENT 
STOKES VACUUM VALVES 


To control vacuum sofely ond surely, Stokes 


STOKES RING-JET DIFFUSION 
AND BOOSTER PUMPS 


vocuum volves ore ovoilable in 4, 6. 10 and 
16-inch standard flange sizes. 
The new Stokes Ring-Jet Pumps em- 


STOKES-McLEOD VACUUM GAGES 


For measuring vocuums from fractions of o 


body a new concept of the diffu- 
sion principle. Size for size, they 
have pumping speeds of 10% to 
more than 100% above any other ‘ 


micron up to 50 mm, Stokes-Mcleod goges ore 


the standard of reference. Four sizes avoilable 


diffusion pump for a given heot 
input. Ring-Jet Diffusion Pumps ore 
available in sizes of 4, 6, 10, 14 
and 16 inches; Booster Pumps in 
sizes of 4, 6, 10 and 16 inches. 
Send for information listed 


OFFICES IN PRINCIPAL CITIES, 
REPRESENTATIVES THROUGHOUT THE WORLD 


ENGINEERS. Stokes is continually adding to its engineering and technical sales 
s 


tatts in the high vacuum, industrial tabletting, powder metal and 
plastics molding fields. if you can qualify, tere may be @ position for you. 
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Industrial Notes 


e The growing significance of graph- 
ite in electrometallurgy and electro- 
chemistry is described in a brochure 
recently issued by the Electrode 
Div., Great Lakes Carbon Corp. In 
addition to the importance of elec- 
trode dependability, the brochure 
outlines Great Lakes production 
methods. The publication is free up 


the Lukens Steel Co. plant in Coates- 


ville, Pa. The new press has a 
movable head never achieved before 
with a capacity of 5000 tons pres- 
sure. Designed and constructed by 


Clearing Machine Corp. of Chicago, 
the pre be used for straight- 
ening armor plate prior to naval 
hipyard delivery. It will also be 


mathematics as part of its $800,000 
aid-to-education program for 1955- 
56. There are three separate parts to 
the support to teaching: $75,000 for 
summer and winter fellowships for 


master’s degree training for high 
school science and mathematics 
teachers; $125,000 to advance the 


teaching of chemistry in 50 privately 
supported institutions, mostly liberal 
arts colleges; and $91,000 for 24 post- 
graduate teaching assistantships in 
chemistry 


e Applications for the 1955-56 ses- 
sions of the Oak Ridge School of 
Reactor Technology are now being 
accepted. Enrollment for the 50- 
wk course beginning in September 
Mar. 14, 1955. Accepted stu 
dents will participate in an advanced 
curriculum, which includes 
fied details of reactor technology 
Additional information including 
the school’s bulletin and application 
forms, may be obtained The 
Director, Oak Ridge School of Re 
actor Technology, Post Office Box 
P, Oak Ridge, Tenn 


loses 


ciassi- 


from 


e Carborundum Co. has issued a 24 
page booklet giving the latest physi- 
cal and chemical properties on super 


refractories by Carborundum. Data 
is assembled in easy to find style 
and augmented by lists of applica- 
tions together with pertinent charts 
and tables. Properties of Super Re- 
fractories can be obtains Re- 
fractories Div.. Carborundum Co 


Perth Amboy, N. J 


on request to Great Lakes Carbon used by Lukens for commercial pur- 
Corp., 18 East 48th St.. New York pose One unusual feature of the 
17, N. ¥ press the ability of the pressing 
head to be moved from right to left 
e Carborundum Co. established a a total 180 ir 
‘ ting nit, the Electr« 
Minas ) to manufacture and e International Nickel Co. of Can- 
rbide and fused alu- ada, Ltd ade the first shipment 
’ ‘ brasive grain and re- of about 450.000 lb of nickel to the 
Central Services Administration 
ed avr? ‘ prod 
the I evh S. Imirie. formerl under a tract signed between the 
. ‘ he ore ent e mpany and the S. agency tast 
} 
general manager of the ne ; 7 fa The contract calls for de wery 
‘ minimu? f 4.5 million lb of 
e New! t Ste Cort forma refined nickel by August 1955, from 
pe ‘ eve ne ‘ certain micKke concentrate produced 
luct Janua * with the y Sherritt Gord Mines Ltd 
ta p! tion. ihe new * Construction is scheduled to start 
1 as the ma ‘ immediately on a 100-in. cold mill 
xpar progra and supporting equipment for finish 
i fieation of New rolling wide aluminum coiled sheet 
. vines at Aluminum Co. of America's 
; juce hot rolled pickied Davenport Works. Cost is fixed at 
et t iesired more than $5 million. Installation of 
. ' ea and the new mill will be made in exist- 
er | essing t id ed ing buildings, with operation ex- 
pected in 1956. 
( & Scot and 
e The du Pont .Co. announced a 
fy / $291 000 for grants to uni- 
The la latter persities and egée t help im- 
ing pre ever } t wa ed at prove the teaching of science and 
Coming Events 
Mer 1, AIMEE. Noru ject NOH ety, NACA Laboratories, Cleveland Hop 
Pick kins Airport 
Mar National Acs Cerresion Engi Apr 16 ASME rganizatior iversar 
neers ersity ting, Stevens Institute of Technolog 
ere K Hoboke N. J 
Mer Sect Apr. 18-20, Third Nations! Air Pellation 
Bridge Symposium Huntington-Sheraton Hote! 
Pasadena, Calif 
AIME st Section 
Manger Hote and Apr. 18-20, AIME, Blast Furnace, Coke Oven 
: Raw Materials and National Open 
Mar 16-11, Pereeiain Ename! Inetitete, Pe nderences. Bellevue-Strat 
~# Miltmese Metel. Las rd Hotel, adeiphia, Pa 
A cies 
Apr 18-08 spring meeting, Lerd 
Mer 14-15. Steel Peanders Seetety of Amer ~ timore and Southern H. tel, Baltimore 
tee. annua ee Drake Hotei, Chicago 
Apr. 19. Seelety fer Applied Spectrescepy 
Mar 15. Seetety fer Applied Pr Sectior eton University 
phia Sect Philedelphia, Pa j eton, N. J 
Mar 6 AIME. Connecticut Local Section Apr. 19-21, Canadian Institete of Mining and 
eeting, Statle Hartford Metallergy. annual meeting, Royal York 
Hotel. T t 


Mar 


Amertcan Inmetitete of 
Raginecers Lou 


Chemical 
Kentucky Hote , 


Mar Western Metal Eupesttiesn 
Western Metal Cengress: Pan-Peci! Aud 
tor Ambassador Hotel, Los Angeles 


Calif 


Apr. 13. Matertal Handling tnctitete. spring 


meeting. Drake Hote 


Apr AIMEE. Cleveland 


joint meeting wit? Americar 


428—JOURNAL OF METALS, MARCH 1955 


AIME. New England Regione! 


Apr. 
erence. Boston. Mass 


Apr. 28-30. AIME. Pacific Northwest Confer 


ence, Spokane, Wash 
American Institete ef Chemica! 
Shamrock Hotel. Houston 
May 2-4. Electrechemics! Sectety. Sheraton 


Gibson Hotel. Cincinnati, Ohio 


May 6, American Assn. of Specetregraphers. 
annual conference, Chicago 

Pewder Assn.. Bellevue 

Philadelphia, Pa 


May 10-17. Metal 
Stratford Hotel 


May 14-22, Chemica! Engineering & Equip- 
ment Exhibition, Frankfort-am-Main, Ger- 
any 


American Mining Congress, coal 
nd exposition, Public Audito- 
Oni 


a 


May 1. Percelain Enamel! Institete, mid- 
year div. conference, Edgewater Beach Ho 


tel. Chicago, I! 


May 19. AIME. Utah Local Sectior 
versity of Utah Student 
meeting 


and Ur 
Chapter, joint 


May 30-June 1, Chemical Institute of Canada 
annual conference, Quebec, Canada 


May 31. Wertd Pewer Conference, Interne 
tional xecutive Committee, Paris, France 
Jene 1-18 Joint Metallurgica! Sectetics., 


European meeting 


Industrial Finishing Exposition 


June 
Public Auditorium, Cleveland 


eveland 
On 


June 6-24. American Seciety for Engineer 
venia State 


ennsyi- 


State College. Pa 


June 1. ASTM. annus 


meeting, Chal- 
fonte-Haddon Hall 


Atlantic City. N. J 


May 16-19 
conven tior 
riurr Che 
| 
| 
Sectior 
Ceramic 


et Airco Inert-Gas Welding into your Production Picture! 


Lower costs through quality and speed .. . that’s And with the newest Airco addition to inert-gas- 
Airco’s answer to your production problem — even shielded welding, Aircospot, you can weld from one 
when the materials include aluminum, bronze, cop- side of the joint — eliminating jigs and backup plates. 
per, nickel, stainless steel . . . all engineering metals. Aircospot is the perfect primary tool for fabrication 
The Aircomatic welding unit, for example, was and no finer cost-saving tool for tack welding has 
researched and designed by Airco to produce top- ever been devised. 
quality welds . . . especially in “problem” metals and You'll want to learn more about how Air Reduc- 
alloys without flux... with minimum plate edge tion’s inert-gas-shielded arc welding processes can 
preparation and little or no preheat. In performance, serve you. Contact your nearby Airco Representative, 
Airco’s Heliwelding is similar — though engineered Authorized Airco Dealer — or write Airco direct. 


Divisvons of Air Peduction Compony, 
incorpereted. with offices 


for high-speed welding of thin sections of metals — 
any metals. ome VISIT BOOTH 254 


Ai Air Reduction Sales Company 
R REDUCTION Ar Reaction Pete Comeeny 


Represented internationally by 
A ympany international 


—) 60 East 42nd Street New York 17, N. Y. Oat atin 
reign Subsidiaries 
® Air Reduction Canada Limited 
Cuben Air Products Corporation 
‘ Products of the divisions of Air Reduction Company, incorporated, include: AIRCO — indystric! goses, welding and cutting equipment, and acetylenic 


chemicals © PURECO — carbon dioxide, liquid-solid (‘DRY-ICE") © OHIO — medico!l gases and hospite! equipment © NATIONAL CARBIDE — Pipeline 
ocetytene and colcium corbide © COLTON CHEMICAL COMPANY — polyviny! ocetotes, cicohols ond other synthetic resins 
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Detroit, 


New York 
Sen Francisco 
Chicago | 


q 
Creative 
Engineering 
Opportunities 
with Republic 


Senior Research Engineer 
Met allurg'st 


Mr. R. L. Bortner 


atv 4 74747 % 
FARMINGDALE LONG ISLAND. NEW YORK 


{LAA 
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P weekly bulletin of positions available 


$ year 
MEN AVAILABLE 


Responsible Foreign Position 
sought by experienced Australian 
v echar il, electrical engineer 
und having just completed Masters 
legree in petroleun 15 years su- 
pe r heavy onstruction in 
A 4 England India Middle 
East ind Central America includ- 
f pliant pipeline pump 
tatior ind harbor terminal instal- 
latior Aged 45, single, excellent 
healt M 


Materials Engineer, MSc. degree 
Have ound knowledge, solid ex- 


perience background, and mature 

sdgment for effectivel handling 
difficult materials probie! Famil 
iar wit modern manufacturing 
process¢ De taff or plant man- 


POSITIONS OPEN 


Sales Engineer, 25 to 50, to handk 


emifinished pper and brass prod 
ict mainiy heet trip tubing 
und pr ly i Experience pref 
erably in the nonferrous line. Must 
nave ar >4lary pius commission 
Headcuarter East. W985 


Test Engineer, mechanical or 


ullurg il engineering graduate 


acce ories experience 

‘ juct testing of airframe 

jevices. Must have stress 

expe Salary open 
Locat New Jerse 


Manager, 40 to 50, with 


1 Dackg ind, to head up pr 
production control, pur 
istrial engineering 
qualit cont materials handling 
and traffic in a divisix of 1000 em 
over Should have experience in 
t netal fabrication or such 
pr t as furnaces and aircraft 
€ ‘ es wit? bot? h gt prod 
nd job si peration. Salary 


tior 
pen. Location Midwest. W971 


METALLURGICAL ENGINEER-—8S 


ne to t yeors ex 
fe ve ment 
te se 
Yh 
fad te 4 cr 
w present 
t y 
x AIME 
9 W. 39th St. New York 18 


METALLURGICAL ENGINEER 85 Degree 
plus one three yeers euperience for re 
seorch and ss development im specie! 
a heving erergy epplicetioa 
Lecetion Please include complete de 
scriotiom of work expersence presee! salory 

reply 

Box AIME 
29 W. 39th St. New York 18 


Research Metallurgist, 26 to 35, 
with experience and training in 
nonferrous extractive metallurgy; 
experience in lead and zinc metal- 
lurgy. Salary open. Location, West. 
W1032-S 


Research and Development Engi- 
meer, graduate metallurgical or 
chemical engineer, with some expe- 
rience in hydrometallurgical or in- 
organic chemical processing; will 
consider a recent graduate who is 
interested in these fields. Salary, 
$4500 or more a year. Location, 
Texas, W901 


Powder Metallurgist, familiar with 
powder metallurgy practice, good 
imagination and sound scientific 
knowledge, to develop new alumi- 
num base alloys, especially with im- 
proved strength at elevated tem- 
peratures Will immediately or 
eventually take charge of all pow- 
der metallurgy projects. Permanent 
Salary open. Location, Northwest 
$422 


Senior Metallurgist, graduate, 30 
to 37, with experience in mineral 
dressing and extractive metallurgy 
including sulphide flotation, for re- 
search and development laboratory 
Must be able to work under limited 
supervision and willing to travel to 
operating plants to assist with met- 
allurgical problems. Permanent. Sal- 
ary open. Location, California. $140 


Metallurgist, up to 32, recent grad- 
uate or better. Knowledge of steel 
mill operations desirable. Will be 
trained for management work in 
steel mills. Salary, $4560 to $5151 per 


year Location, south Chicago 


C2555(b 

Plant Manager, 40 to 55, to assume 
full responsibility for factory opera 
industrial engineering, pro- 
duction and material control, quality 
control, purchasing and plant en 
gineering for the manufacturer of 
small auto heater Must have had 


at least 5 years experience in ¢ 
‘ 


tions 


management at top level c 
both mass and job steel and meta 
fabricatior Must have knowledge 
ff planning and controlling all 
phases of manufacturing 
$15,000 to $20,000 a vear 


Indiana. C2550(a) 


Location 


Steel Mill Process Consultants for 
a consulting engineering inage- 
ment concern. Must have had at 
least six years experience in steel 
mill processing work Two mer 
should have had good processing 
background in seamless tubing op- 
erations. One of these men should 
have metallurgical training Five 
men well versed in hot rolled strip 
mill operations. All will act as tech- 
nical advisors on processing. Six to 
eight months foreign assignments 
Salary $1000 a month and per diem 
expense. Employer will pay place- 
ment fee Yugoslavia 
C-2571 


Location 


Books for engineers 


ORDER YOUR BOOKS THROUGH 
AIME—Address Irene K. Sharp, Book 
Deportment. Ten per cent discount 
given whenever possible. Order Gov- 
ernment publicotions direct from the 
agency concerned 


Basic Engineering Sciences, by W1)- 
liam Glendinning. $3.00, 126 pp., 1954 
—Problems with solutions selected 
from Part II of New York State exam- 
inations for engineer-in-training and 
professional engineer 1945 to June 
1954 are given. Various aspects of hy- 
draulics, thermodynamics, machine 
design, and electrical principles and 
equipment are covered. 


Development of the Guided Missile, 
second edition, by Kenneth W. Gat- 
land. Philosophical Library, Inc 
$10.00, 292 pp., 1954.—The book is a 
survey of the evolution of guided 
missiles up to the present time and a 
description of their possible future 
development. Methods of propulsion 
of rockets and ram jets, current 
methods of research, military and 
peaceful applications of various types 
of missiles are among the subjects 
discussed. Consideration is also given 


PROFESSIONAL SERVICES 
Limited to AIME members, or to com- 
panies thot hove at least one AIME 
member on their staffs. Rotes $40 per 

year per inch. 


DR. B. EGEBERG 
Metallurgical Consu/tont 
Reg. Prof. Engr 
Steel & Metols 
Operations Research 
Meriden, Conn. 


LEDOUX & COMPANY 
Spectroscopists 
RESENTATIVES 
3tion Analyses 
Teoneck, New 


hem sfs ssoyer 
SHIPPERS REP 
Exomur 


Mone t 
359 Alfred Ave. 


MAX STERN 
Consulting Eng 
Expert for Scrap Recovery and Ship- 
wrecking — Modernization of Plonts 
and Yords for Ferrous ond Nonferrous 
Metal Scrap 
149 Broodwey New York 6, 


H. iL. TALBOT 


Consulting Meteliurgice! Engineer 
Extraction and Refining of Base Metals 
Specializing in Cobelt and Copper 


Room 331, 84 Stete St., Boston 9, Mess. 


to rockets for high altitude research, 
space satellites, and interplanetary 
flight. Comparative data on 140 rock- 
ets from eight countries and scale 
photographs of more than 40 notable 
rockets are given 


Jet—The Story of a Pioneer, by 
Frank Whittle. Philosophical Library, 
Inc. $6.00, 320 pp., 1954.—This is an 
autobiographical account of the de- 
velopment of the world’s first suc- 
cessful jet plane, the Gloster/Whittle 
E.28/39. The author describes his first 
concept of the turbo jet engine, his 
efforts to arouse interest in his ideas, 
and the difficulties his company en- 
countered with British government 
officials. He records in nontechnical 
language the engineering problems 
faced in designing, manufacturing, 
and testing an experimental engine, 
and in developing improved types 


Storage Batteries, fourth edition, by 
George Wood Vinal. John Wiley & 
Sons, Inc., $10.00, 446 pp., 1955.—The 
fourth edition of this book has been 
largely rewritten to conform with 
the many changes that have taken 
place in battery design and construc- 
tion in the past 14 years. The book 
emphasizes the scientific principles 
of storage batteries without allowing 
the treatment to become too highly 
technical. Physical and chemical 
properties of the materials used in 
battery manufacture are discussed, 
and the reader is given a general de- 
scription of battery manufacturing 
Industrial applications are described 


Annual Review of Nuclear Science, 
Vol. 4, edited by James G. Beckerley 
Annual Reviews, Inc. $7.00, 483 pp., 
1954.—The present volume contains 
17 papers that are essentially sur- 
veys of the literature on recent de- 
velopments, including extensive ref- 
erence lists. There are papers on dif- 
ferent aspects of nuclear particle de- 
tection, penetration of heavy charged 
particles in matter, radioactivity in 
geology and cosmology, and on vari- 
ous other topics. Author and subject 
indexes are included 


Make It With Aluminum. Fawcett 
Publications, Inc. 754. 145 pp., 1955 
The book explains in detail how to 
work with, and what can be made 
with do-it-yourself aluminum. It 
contains instructions on how to work 
with the metal with standard wood 
working tools 


Control of Emissions from Melting 
Operations. American Foundrymen's 
Society 2.25, $1.50 to AES mem- 
bers. 1955.—Information contained in 
this booklet will provide foundry 
management with a valuable guide 
to the steps necessary for control of 
air pollution in a manner that the 
plant may continue to operate and 
comply with local air pollution ordi- 
nances now in effort or forthcoming 


Just Published! 


TITANIUM in 
IRON and STEEL 


By GEORGE F 
COMSTOCK. Consul- 
tant, Titanium Alloy 
Division of the Na- 
tons! Lead Com- 
pany 


The third inthe 
Alloys of tron Re- 
search New Mono- 
graph Series, Frank 
T. Sisco, Director 


This is the only book available 
that reviews and correlates all 
the important data in world lit- 
erature on titanium as an alloy- 
ing element in iron and steel 
Nearly 300 papers (listed in the 
bibliography at the end of the 
book) were reviewed for the 
manuscript 


Opening with a general dis- 
cussion of titanium — its princi- 
pal sources, concentration, prep- 
aration, etc the book goes on 
to examine the properties and 
effects of the element when al- 
loyed with cast iron and steel! 
Its deoxidizing effects are treated 
in full. Special emphasis is 
placed on its unique effects in 
stabilizing nitrogen and in fixing 
carbon in alloys where other car 
bides may be undesirable, and 
on its usefulness in steel which 
is to be enameled, and in certain 
complex ferrous alloys for high- 
temperature applications 


1955 294pages Illustrated $6.00 


Mail now for your ON-APPROV AL copy 
JOHN WILEY & SONS, Inc 
440 Fourth Ave, New York 16, N.Y 


Please send me a copy of TI 
TANIUM in IRON and STEEL to 
4d examine ON APPROVAI 

wit ten days I w either re 
the and owe noth. 


ng. or will rer $6.00 pius portage 


Cit Zone State 
SAVE POSTAGE! Check here 
see Sarre return 
os { course 
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All industry profits by this research 
at these five branches 
, of the U.S. Bureau of Mines 


BOULDER CITY, NEVADA 


In this 500-KVA Lectromelt-equipped furnace, 


nent work started in a srnaller Lectrome!t- 


nclu the evaluation of agglomerated domestx 
chromite concentrates for production of ferro- 
chr ¢, and research on production of ferroman- 


ganese trom oti-grade concentrates. 


SALT LAKE CITY, UTAH 


After new ideas have been tested in a smaller 
Lectromelt Furnace, they are stepped up to a pilot 
plant basis in this Type U Lectromelt Furnace. 
Here smelting rates, power and electrode consump- 
tion and refractory life can be determined. Prob- 


lems have involved the smelting of low-grade nickel 


ores, of Utamicrous no 


mnetite ore, Manganese con- 


centrates and of rhodonite. 
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ALBANY, OREGON 

A Type W, single-phase Lectromelt Furnace is used 
for preliminary smelting tests. A Type ST, 3-phase 
Lectromelt Furnace melts and refines metals and 
alloys produced in a continuous electric smelting 
furnace of the Bureau’s own design. This picture 
. shows refined cobalt being poured into water to 


granulate the metal to meet GSA specifications. 


ROLLA, MISSOURI 

This 100-KW Lectromelt Furnace is used for pyro- 
metallurgical investigations such as these Pro- 
cesses for separating titanium oxide from ilmenite 


cobalt, copper and 


or tilt res separa 
nicke! from a cornplex matte, or as a combined 
smelter-converter in cxtracting these metals from 


in experimental smelting 


PITTSBURGH, PENNSYLVANIA 
The Pyrometallurgy Laboratory of the U.S. 
Bureau of Mines will soon install this Type 
ST Lectromelt Furnace (originally located 
at the Bureau's Redding, California Station) 
to enlarge the Pittsburgh Laboratory's 


research facilities. 


Whatever the status of your smelting processes — still experimental 

or ready to put into production — there is Lectromelt equipment able to 
serve you. Our engineers have been conducting research for 

years on electrothermic reactions. This experience is available to you. For 
o free copy of Catalog No. 105, write Pittsburgh Lectromelt Furnace 
Corporation, 326 32nd Street, Pittsburgh 30, Pennsylvania. 


*Reg. T. U. Pat. OF. 


MOORE RAPID 


WHEN YOU MELT... 
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This giant shaft made of corbon vonadium stee! and weigh 
ing 6!) toms is to be esed in the $70 million Govins Point 


power ond flood contro! project on the Missouri River, $. D 
The rowgh turned shoft is on a boring lothe ot the Bethle 
hem, Po. plant of Bethichem Stee! Co. The shoft is 22 ft long 
and its largest flonge exceeds § ft in 


434—JOURNAL OF METALS, MARCH 1955 


more employables with no place to go in the labor 
market, the psychology group says, is a moot ques- 
tion 

Some conclusions can be drawn right now. Start- 
ing in 1955, and intensified by 1960, management 
will have a greater selection of applicants. Another 
implication, again according to Industrial Psychol- 
ogy, Inc., is that employers will have to take a more 
critical look at present work force, weeding out in- 
efficient performers lacking basic pyschological 
traits to do a better job. The research center’s atti- 
tude is that employers might be doing those em- 
ployees a favor—job hunting in the 1960’s may be 
tougher than it is now 


use of radioisotopes has been some- 
what stymied by the lack of enough adequately 
trained personnel or training centers. Only a small 
number of trainees can be handled by the Oak 
Ridge Institute of Nuclear Studies. With this limita- 
ion in mind, 14 New Jersey firms who believe in 
the future of radioisotopes as tools of production 
have contributed $1000 each to setting up the 
Radioisotope Center at Rutgers University. The 

tributions will help defray capital expenditures 
for the relatively expensive counters, handling 
devices, and protective measures needed for the 
Center. Total initial cost is estimated at $30,000 
Additional memberships are needed, although the 
University has inaugurated the first class 

Courses will be designed to provide basic under- 
standing of radioisotopes and their use. The general 
direction of the Center is under an advisory com- 
mittee made up of industry and university repre- 
sentatives. Frank G. Dunnington, Rutgers physics 
professor, is committee chairman 

Dr. Dunnington points out that the membership 
fee is primarily a contribution to the University for 
work in the field of radioisotopes, but direct and 
immediate return to the companies will be priority 
in the selection of students for training. Thirty-two 
tudents were accepted for the first course, con- 
ducted on the graduate level in cooperation with 
the Rutgers dept. of physics and School of Chem- 
istry. Course instructors are Seymour T. Zenchel- 
sky, assistant professor of analytical chemistry, and 
Peter Lindenfeld, instructor in physics. Students 
will pay the standard university tuition fee of $44 
for New Jersey residents and $56 for out-of-state 
applicants 

The 14 firms contributing $1000 for industrial 
membership are: central research laboratories of 
the American Smelting & Refining Co.; E. R. Squibb 
& Sons, div. of Olin-Mathieson Chemical Corp.; 
Standard Oil Co.; Campbell Soup Co.; Bakelite Div 
of Union Carbide & Carbon Co.; Johnson & Johnson: 
Johns-Manville Products Corp.; Hoffman-LaRoche, 
Inc.; Hercules Powder Co.; Sacony Vacuum Labora- 
tories; Radio Corp. of America Laboratories; Calco 
Chemical Div. American Cyanamid Co.; General 
Foods Corp.; and Ciba Pharmaceutical Products, Inc 


| 
n buil and maintaining new machines, or add 


HE Joint Committee on Atomic Energy of the 

Congress recently heard Commissioner Thomas 
E. Murray say that, “I am of the opinion that during 
the past year the Commission has lost some of the 
stature it previously enjoyed.” 

He pointed to the Dixon-Yates controversy as 
the chief unhappiness within the AEC. He denied 
the validity of the argument that the contract is 
“merely an extension—and indeed an improve- 
ment—on a pattern which I established, namely, 
that of using combinations of private utilities to 
meet the exceptionally large power requirements at 
AEC installations.” 

Mr. Murray has previously testified that he is re- 
sponsible for the establishment of the pattern of 
which Dixon-Yates is said to be part. “The argu- 
ment is a specious one,” Mr. Murray told the joint 
committee. “The Dixon-Yates contract, and the 
OVEC and EEI contracts, with which it is compared, 
are similar only with respect to the means of ob- 
taining power. The ‘Ohio Valley’ and ‘Electric 
Energy’ contracts were instituted to fill the urgent 
and direct need at AEC installations for electric 
power to meet military requirements.” 

Commissioner Murray stated that the Dixon- 
Yates combination is an attempt to meet the civilian 
commercial needs in the Memphis, Tenn., area, 
hundreds of miles from the nearest AEC installa- 
tion. He testified that he signed the contract last 
October because he believed “quick deposition of 
this matter by the Commission was in the public 
interest.” He hoped that the signing of the pact 
would free the Commissioners and their staff from 
protracted deliberations and permit them to devote 
their energies to other primary responsibilities. He 
regrets that that hope has not been fullfilled 

Mr. Murray placed considerable emphasis on the 
need for maintaining the complete confidence and 
trust between the Commission and the Joint Com- 
mittee. In another part of his statement he noted 
that industrial atomic energy would become a re- 
ality in proportion to the importance attached to the 
program. Following the commissioner’s statement 
before the Congressional Committee, Lewis Strauss, 
AEC chairman, clashed with Mr. Murray for the 
third time within recent weeks. Mr. Strauss intro- 
duced some four packing cases filled with papers 
concerning Dixon-Yates, in a move to discredit the 
contention that the Commission had passed on the 
contract with little thought. Washington observers 
were noting that the AEC, for a long time something 
of a sacred cow, was not al] sweetness and light 


NE of 1954's most spectacular statistics has to do 

with the sharp decline of England's iron and 
steel imports. The country’s steel industry has been 
almost fantastically successful in reaching at least 
part of its many goals. Exports also showed an im- 
provement with 1954 shipments totaling 2,355,160 
tons, compared with 2,112,360 tons in 1953. With 
Commonwealth nations getting a 6 pct preferential 
rate, imports to those countries have shown a 
natural increase. Australia alone imported 331,730 


A large source of radioactive cobalt was recently shipped 
from Oak Ridge National Laboratory, operated for the Gov 
ernment by Union Carbide & Carbon Corp. The Cobolt 

60 source was placed in this 6550 Ib shield by remote 
control and is shown being removed from the radioisotopy 
dept.s “hot cell.” Babcock & Wilcox Co., Barberton, Ohio, 
is going to use the cobalt source for radiography work 


tons last year, an increase of 206,505 tons from 1953 

New Zealand bought some 198,902 tons from the 
mother country, compared with 112,168 tons the 
previous year. On the other side of the book Eng 
land is still not producing enough pig iron to me« 
her needs. In 1953 she imported about 693,594 ton 
Last year the figure dropped to 339,278 tons in 1954 
but still represented a substantially high level of 
dependency upon foreign sources. Several blast fur- 


naces expected to be blown in this year may remedy 
the situation 

Sheet imports increased enormously, in line with 
the huge increase in the motor industry's activity 
With the motor industry expected to invest about 
$280 million in expansion programs, the demand “or 
sheet will probably stay high. The expected sheet 
demand has served as ammunition for those who 
want another strip mill in the country 

One of the most unuswual aspects of the decline in 
imports was the falling off of semi-finished products 
from 420,681 tons to 70,207 tons. Low imports con- 
tinued throughout the last few months of 1954 at a 
time when re-rollers were at peak capacity and the 
supply of semi-finished products was extremely 
tight 

With all heavy steel plants working under what 
is termed “extreme pressure” all kinds of 
are looked for. Consumer demand has been high and 
is expected to stay that wa Additional demand 
will be made within the next few years from a 
£1.22 billion railroad development program an- 
nounced by the British Transport Commission 


record 
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HARBISON-WALKER 


AND SUBSIDIARIES 
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REFRACTORIES 


life see 
increase production... 
reduce operating costs... 


A single basic refractory having universal appli- 
cation in metallurgical furnaces can only be 
visionary. The selection and use of the refrac- 
tory best suited for each specific requirement is 
reality—upon which depends the most desir- 
able results. Harbison-Walker produces no less 
than 12 different classes of basic brick, and in 
addition various basic monolithic materials and 
cements. These provide the particular kinds 
that serve best for every individual need. 

Included in this complete range of commer- 
cial basic refractories are CHROMEX B, the 
extra hard fired chrome-magnesite brick, and 
H-W MAGNESITE brand, a superior high 
magnesia content brick having also enhanced 
physical properties. These continue to make 
splendid records in copper converters. 


Please 
consult Harbison-Walker 


technical service. 


Cross-section typ:co! copper 
converter, showing refractory lining. 


REFRACTORIES COMPANY 


World's Largest Producer of Refractories * General Offices: Pittsburgh 22, Pennsylvania 
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WALL STREET JOURNAL, 


“... some of us would view the subject ‘resiliency 
of painted metals’ as one lacking of interest . . .” 


ernment in another sea of paper—this time in form 
of reports on how best to handle the problem 
jut Dr. Bush has faith. He feels the world will 


solution and that mastery of man’s record will 


find a 
omeday be achieved 
lemocracy. Thus, if free people are to survive they 
must find a way to turn all their information re- 
sources into a mobile instrument. If they fail, man 
would most probably lose his greatest gamble 

M. A.M 


Communication is the life of 


A COMMITTEE composed of the Presidents of the 
AIME, ASCE, ASME, AIEE, and AIChE, has 
recommended to the respective societies that the 
new Engineering Societies Building be located in 
Pittsburgh. This decision came after a complete re- 
view of cities of interest, taking ail factors into ac- 
count. All that remains now is for the individual 
societies to approve the recommendation, and we're 
practically on our way. Of course, there are also a 
few minor details that will have to be taken care of 
uch as selecting a building site, choosing the type 
and size of building desired, and arranging for the 
erection of the building 


the individuals and organizations involved 


the years, there have been so many 


lecisions 


made concerning a new engineering building, that 


ling, thé 
ne more is taken in stride Few peopl actually be- 
lieve that the final site will be Pittsburgh. and an 


overwhelming majority believes that all societies 


will remain at the present site until the building 
begins to cave in. We aren't sure just what to be- 
leve, but if you know of any small homes that will 
be available in Pittsburgh in about 2 years--------- 


S. Cohan 


ECENTIY the AIME publications office at 29 Ww ft 
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1A VV USS COR-TEN Stee! containers for military 


Each COR-TEN Stee! conteiner 


is equipped with cir intake and 
ov relief walves, and receptacles 
contoining @ desicant, which de- 
humidifies the trapped pressur 
ized te the low relotive 
humidity thet will prevent cor 
resion or fungus attock to the 
contents 


aircraft engines help save U.S. Government 


millions of dollars yearly 


Dp” RING the past ten years the U.S. De- 

partment of Defense has developed 
a new concept in the field of packaging 
that has vitally strengthened our mili- 
tary preparedness 

It consists of the use of pressurized, 
shock-proof steel containers for the vi 
bration-isolated shipping, handling and 
storage of aircraft engines, both re 
ciprocating and jet types 

Because these containers must be 
stored in air bases all over the world 
and are frequently transported by air, 
basic design requirements call for light 
ness coupled with high strength and 
corrosion resistance 


UNITED STATES STEEL CORPORATION, PITTSSURGH - AMERICAN STEEL & WIRE DIVISION, CLEVELAND 
WATIOMAL TUBE DIVISION, PITTSBURGH TEMNESSEE COAL & (RON DIVISION, FAIRFIELD Ala 


USS COR-TEN HIGH Strength STEEL Uss) 


In USS Cor-Ten Steel, the Balti 
more Steel Company, Baltimore, Md 
a producer of such containers, has 
found the most satisfactory material 
and the most economical from the cost 
standpoint 

By replacing carbon steel with USS 
Cor-TEen Steel, which is 50° stronger 
weight has been reduced appreciably - 
with no loss of container strength and 
at a cost comparable to mild steel. The 
result —a lighter, stronger finished prod 
uct that has the added benefit of higher 
atmospheric corrosion resistance—4 to 
6 times that of carbon steel. Thus the 
engines, shipped undamaged in these 


Cor-TEn Steel containers, stay factory 
new and instantly available, regardless 
of temperature, climate or length of 
storage. Whats more, experience has 
shown that Cor-TEn Steel containers 
are re-useable again and again with a 
minimum of maintenance 

As to the savings they assure, note 
this The U. S. Navy reports that over 
a 5-month period in 1947, the loss due 
to corrosion and damage of engines in 
ordinary non-metal containers was 
$4.750,000. But in 1952, over a similar 
)-month period, for the same number of 
engines in steel containers, such lows 


was reduced to a mere $1,750 


COLUMBIA-GEWEVA STEEL DIVISION, SAN FRANCISCO 
UNITED STATES STEEL SUPPLY DIVISION WAREMOUSE DISTRISUTORS 
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The arpupel capacity of this 5,000 ton forming press, 
installed n aircraft — is sO great it requires 25 
persons to load and unload the four tables. To pro- 


vide dense, sound and sions structure in hydraulic 
ywress rams, Lake Erie s ies the component in 
5 


kel cast iron 


r 


Lake Erie’s Engineers specify rams of 


NICKEL CAST IRON 
for strength... toughness... tightness 


YOU'LL FIND MAXIMUM PRESSURE Suitable additions of nickel to properly adjusted 
TIGHTNESS, together with extra toughness and base mixtures provide castings with uniform, fine- 


strength, in rams for Lake Erie’s powerful hy grained structures. 

draulic presses In addition, nickel in gray iron minimizes chill 
Cast iron containing up to 1% percent nickel and consequently the formation of free iron car- 

provides this combination of properties in all Lake bides. This results in strong yet readily machin- 


able castings, without sacrifice of hardness or 


Erie rams 
wear-resistance. 
4» Lake Erie presses also utilize alloys containing 
; ae. “ane INCO | nickel for dies as well as many other components. 
The International Nickel Company, In ee ' For instance, on extrusion presses, the containers 
67 Wall St. New York 5, N. ¥ and container liners are nickel alloy steel forgings 
Pleese send me booklet entitled. “Guide to the Sele And on many column and side housing types of 
n of Engineering Irons hydraulic presses you'll find the repeated load of 
? | press operation absorbed by platen inserts or 
Name Title wear plates of nickel-chromium steel. 
Company In many applications, alloys containing nickel 
Addree give optimum performance and prove lowest in 


ultimate cost. So, whenever you have a metal prob 
City State | lem, send us the details. We'll be glad to help you 
with suggestions based on wide practical experience. 


THE INTERNATIONAL NICKEL COMPANY, ING. 
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F or Blast F urnace 
Operations 


Significant characteristics of 


GLC Carson Brick are... 


- — Strength and abrasive resistance 
at high temperatures 


~ Dimensional stability 

tie Low thermal expansion 

Phermal shock resistance 
j=} Resistance to slag build-up 
=——> Nonu-melting by liquid metals 


You can depend upon Great Lakes 


earbon brick for optimum performance. 


ADMINISTRATIVE OFFICE: 18 East 48th Street, New York 17, N.Y. 
PLANTS: Niagara Falls, N.Y., Morganton, N.C. 


OTHER OFFICES: Niagara Falls, N. Y., Oak Park, IIL, Pittsburgh, Pa. 


SALES AGENTS IN OTHER COUNTRIES: Great Northern Carbon & Chemical Co. Lid. Montreal, Canada 
Overseas Carbon & Coke Company, Inc. Geneva, Switzerland; Great Eastern Carbon & Chemical Co. Inc. Chiyoda-Ku, Tokyo, Japan 
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Titanium Fills Need 
For 
Super Material 
In Aircraft 
Of the Future 


by N. E. Promisel 


ITANIUM use in aircraft can be justified, possi- 
bly with a few exceptions, only where a saving 
in weight is achieved. Were it not for weight con- 
siderations, titanium’'s virtues as a material of con- 
(with exceptions), 
strength at moderately elevated t mperatures, ab- 


struction, of corrosion resistance 


sence of magnetic properties, etc. could be obtained 
more economically in other conventional materials. 
although, it must be realized, not necessarily in the 
same combination. Austenitic stainless steels, for 


example, aside from weight savings, offer about the 
same virtues. However, they do entail use of criti- 
cal and strategic materials, which is very important 

But weight savings prevention of 
weight growth, can by no means be passed over 


conversely 


lightly. It is vital to the improvement of aircraft 
either in terms of military performance or in terms 
of commercia! payl ad Fig l shows how the gross 


weight of bombers and fighters has necessarily in- 
creased as the speed of ncreased ove! 
the years. It is interesting to note that although 


speed has increased at most four-fold since 1930. 


before which there was even slower progress, the 
weight has increased from six to twenty-fold, not 
including the new B lane which would make 
this weight increase albx forty-fold. This increase 
is truly alarming since it indicates the tremendous 


weight penalty that must be paid for an increase in 
performance Part of thi 
weight is due to the multiplying effect within the 


airplane itself. For example, 1 Ib added to the 


phenomenal increase in 


N. E. PROMISEL is Head, Moterials Branch and Chief Metal 
lurgist, Bureew of Aeronoutics, Department of the Novy, Washing 
ton, D. C. This paper wos presented ot the AIME Institute of Metals 
Div. meeting, Chicago, Nov. | to 3, 1954 


The XFV-1 fighter plane uses its four-pointed 
X-shaped tail for a landing geor 


structure of an airplane or to the accessories or pay- 
load it carries may necessitate adding more power 
plant, more fuel, still more structure, more wing 
area, etc., to carry that single added pound without 
sacrifice in performance or reliability. The 1 lb may 
therefore multiply into 10 Ib in the final airplane 
Furthermore, if the effect of temperature on mate- 


rials is considered, it will be apparent that if an air- 


plane is designed strong enough for elevated tem- 
perature operation, the extra weight of material will 
generally be a severe penalty to its operation at 
lower temperatures, where it will obviously tend to 
be over-designed and therefore unnecessarily heavy 
Thus the great significance and interest in using tita- 
nium to save weight apparent particularly as 
operating temperatures increas 

The question can well be raised as to just what 
this weight saving means in terms 


It is obvious, of course, that extra weis 


of performance 
ht demands a 
penalty in terms of increased cost, increased mate- 
rial requirements and increased complexity. Al 
though performance figure for specific airplanes 
cannot be discussed at this time, it conceivable 
that future aircraft could save, through the use of 
titanium, a few thousand pounds weight in the 
smaller planes like fighters and possibly up to 10,000 
ib in large bombers and In the case of 
bombers and transports, this could be equivalent to 
extra payload. Or it could be used to increase range 
or maximum altitude or to decrease take-off or land- 
ing distance by possibly 10 to 20 pct, which is no 
mean improvement. Ever improvements 
could result in the case of the fighter and, in addi- 
tion, appreciable increase in the rate of climb. Con- 
versely, the weight saving could be used to shrink 
the airplane size without 


transport 


greater 


sacrifice in performance 
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The third major cause of elevated temperatures in 
as2 airplanes is due to the fact that some parts of air- 
frames and engines necessarily function at elevated 
f temperatures; for example, areas heated for de-icing 
: purposes, vents and tubing for conducting hot air, 
the compressor, and other parts of jet engines 
Now it is important to realize that in most of the 
cases of elevated temperature very high stresses 
must also be considered. In fact, as speeds go higher, 
wings tend to get thinner, space becomes very criti- 
cal and stresses go still higher. Temperature gradi- 
3 ents may induce high thermal stresses. It is neces- 
i ary, therefore, to compare the strength of titanium 
with other structural materials at different temper- 
atures. This is by no means simple because different 
material properties are involved in different appli- 
- cations. Well over 150 possible detailed characteris- 
tics have been counted that might be considered 
: Only a very few can be considered here 
Strength Characteristics 
New York University has used two 
parameters in comparing materials. They are: A 
The ratio of density to ultimate tensile strength 
which serves as a measure of relative weight in 
tensile applications, and this will be called minimum 
weight in tension, W.; and B—The expression 
0.002 
W.. =p | +— 
is the compressive yield, p is the density, 
; — and E is the modulus of elasticity. The expression 
- . erve a measure ff relative weight in shear 
ipplications and in compression where buckling of 
Fig |—Airplane growth plotted vs speed demonstrates piate 1 critical 5 ll be called minimum 


how the gross weight of bombers and fighters hes in 
reased as the speed has increased im pression. This type of con- 
ieration does not apply to the case where dimen- 
. the decrease in cost due ior are fixed and therefore does not include such 
‘ te ffset the extra cost ipplications as shear fasteners discussed later 

tu e of tita It should be emphasized at this stage that the 
\ t st f y development, weight curves which follow, not only for the above para- 

r il material meters but for the others in this discussion, should 

at evated temperatures and not be taken too literally. High temperature data 

t é i f ire extremely sparse yften mutually conflicting, 

tior e und these lition Elevated temper- ind many approximations, interpolations, and ex- 
to three ma suse trapolations were necessary to obtain even these 

hood of gas tu curves. Had time and data permitted, other alloys 

1 other heat gern might have been chosen, some perhaps more favor- 

, emperatu t pite of ible to the own n rial class than in these illus- 
and Ver ften space is trations. However, the objective in this paper is not 

t mit efficient insulating t to present precise design data, and the conclusions 


i correspond t a temperat f about 400°F, 
i the range of efficient Fig. 2—Skin temperature plotted ogainst speed of flight 
shows the effect of cerodynamic heating 
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at 
ele ter tu tr ‘ the te e t ise a 
nt nm te erature- ti ma- 
900 FT 
‘ burt flame impingement $0,000 
t be itely catastrophic. '/nexpected ax 
cu 
the face ta ft tend to increase 
nm ture na the peed z 
4m 
‘ ft ‘ © Ssuriace ate ais, 
exit e time and titud but Fig. 2 istrates the 
ipproximate magnitude of this effect over a range of 
iltitude fron 0.000 to 50.0 ft. Recently. an air- 
plane was flown at a spec ve 1600 mph. Were 
wt 
use 


MINIMUM WEIGHT IN TENSION Wy => 


200 600 A 
TEMPERATURE. °F 
Fig. 3—Minimum weight in tension ot various tempero- 
tures for some of the high strength aluminum, titanium, 
and steel! alloys of established composition 
reached, as will be seen later, are not dependent on 
the exact shape or location of these curves 
Fig. 3 shows the relation between W, vs tempera- 
ture for some of the highest strength aluminum, 
titanium, and steel alloys of established composition 


magnesium alloys have been omitted 
ht 


For simplicity 
although under some 
advantage over aluminum alloys. Fig. 4 shows this 
temperature relationship for W, The following 
trends may be deduced from these curves and from 
other data which could not be included in this pape! 

A In ten lov 
corresponds to about the best production titanium 


conditions they have weig 


sile applications, 75S-T6 aluminum a 


sheet alloy up to a temperature somewhere nea! 
250° to 300°F hardened 
stainless steel, and pres 


treated to over about 260,000 psi 


However, precipitation 
imably other steels heat- 
iltimate tensile 
strength, would show up to even greater advantage 
where they could be used as sheet. Above about 
300°F, titanium and these very high strength steels 
are in a class by themselves, with the advantage be- 
ng toward the steel as the temperature increases. A 
com- 


current experimental titanium sheet alloy 


petitive, however, with the aluminum even down to 
room temperature. Although not shown herein, arti 
cially-aged 24S superior to 75S-T6 above about 
250°F but does not alter the above general trends 
B—In tensile 


applications for other than shee 
notably forgings, sufficient strength has 


been de Vel- 


yped in titanium alloys to make them appear supe- 
rior at all temperatures to aluminum alloys, and to 
be competitive even with super high strength steels 


C—In compression plate applications where buck- 


ling is critical and, under some conditions, in shear 
the picture may be quite different. Under these con- 
ditior teel appears to be of dubious merit at all 


temperatures and aluminum has the advantage ever 
at moderately high temperature possibly up to 
500° or 600°F. It will be noted that in this formula 
density and modulus play a more important role 


than yield strength 
Creep Strength 


Creep will be considered simply as the total 
stretch of the assembly under sustained Ildad. Ex- 


tensive data on alloys under a variety of conditions 
are not available but it is quite clear that up to tem- 
peratures of a few hundred degrees the creep prop- 
erties of titanium, both unalloyed and alloyed, tend 
to be substantially inferior to the yield strength 
After that, there is a tendency for creep to follow 
yield more closely until the upper part of the use- 
ful high temperature range, at which stage creep 
strength drops more rapidly than yield strength 
Fig. 5 illustrates this type of behavior, using the 8 
pct Mn alloy as an example. Obviously, the curves 
will vary with alloy, time under load, end point 
selected for creep, etc. Because high-stressed tita- 
1ium plays its most important role at elevated tem- 
peratures, and because a design adequate for ele- 
vated temperature is generally more than adequate 
for room temperature, the current and anticipated 
trend in design is to use yield strength as the con- 
trolling criterion at lower temperatures and creep 
strength at higher temperatures. Some place this 
break at about 500° to 600°F. Although values can- 
not be pin-pointed at this time, it 
creep strength will be an extremely important, if 
not the controlling, factor where sustained high 
stresses at elevated temperatures are involved. Cer- 
creep is of vital 


is quite clear that 


tainly in gas turbine compressors 
importance. Although graphs comparing aluminum 
and titanium alloys in creep above 400° or 500°F 
are not presented, it can be stated that on a weight 
basis, the titanium alloys are 

Some comparative data prepared on creep-rup- 
ture properties on an equal weight basis is available 


uperio! 


400 On 
TEMPERATURE 


8 


Fig. 4— Temperature relationship for critical buckling and 
shear, W, ., for some high strength aluminum, titanium, 


and steel ofloys. 
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In Fig. 6 it is evident that the strength of titanium 


n tt respect is superior to aluminum even at 
400°F in less than 10 hr life. At about 1000°F 
whict really above the usual temperature of tita- 
nium, it is still competitive with stainless steel] until 
alr t 1000 } life under stress 
In F there are plotted curves for the highest 
trength | luction aluminum alloy, XA78S-T6, the 
titanius illoy RC130B and a stainless steel heat- 
trea : ver 200,000 psi.” It will be seen that 
ip t bou F, the aluminum and titanium ars 
tive na iper r to teel, and above that 
temperature ange titanium and steel are competi- 
ve with eact ther and superior to the aluminum 
It { ble to go on and on with these compari- 
I example, fatigue properties have not beer 
ea ire ¢ entia in compress Diace 
{ tior the effect of extended elevated t« - 
pe peration or yom temperat e properti 
e fat ation propertie But it has beer 
ie trated that titaniun not a panacea for all 
‘ 
j 
ld 
rye 


Fig. 5—The reletionship between creep and yield proper 
tres of is shown using the § pct Mn titaniwm alloy 
os on exomple 
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Fig. 6—Comparative data on creep-rupture properties pre- 
pored on an equal weight basis is shown for representative 


alloys 

temperature ducting nacelles, and other 
heet applications. F have been the main 

f of use in jet engines, primarily as compressor 
jisks, compressor blades and as spacer rings. The 
weight savings. even though significant in many 
es, have not been maximum because titanium 
was not generally planned in the design stage. Other 
advantages have accrued, however. In addition to 
fabr tion experience and encouraging the infant 
ndust major hazards have been pin pointed. For 
exalr e. test n engine forgings have emphasized 
how serious can be the effect of hydrogen in impair- 
ng ductility. Associated with hydrogen, the impor- 
tance of a election, rate of strain, duration of 
oad, meta iphic phase, notches, etc., have been 
well brought out by practical trial, thus minimizing 
pe ble serious failures in the future. Furthermore, 
the importance of a thorough understanding of the 
interdependent rele of all interstitials is now well 
ecognized and plans are underway to give this and 
ted ipbject accelerated attention, to permit 
maximum titaniun age, with safety, in the future 
A ted iter the matter of chemical analysis, 
for elements are dealt with which are inherently 


difficult to analyze in minute concentrations 
Supply and Requirements 

which has often been salient is the 
Considerable 


ed by the aircraft industry 


matt of pply and requirements 
us to the availability of sponge and mill products, in 
ind form, if industry went to an 


ill-out plan for using titanium to the maximum 


beneficial extent. This concern has been a natural 
one and has beer hared by the military depart- 
ment n view of the serious set-back to aircraft 
production which could result if design were based 
on a mate il not available when needed. The at- 


tempts to expedite growth of this industry and ex- 


ploit titaniurn at the earliest practical date. instead 
f taking a more normal course covering decades, 
ha evitably led to peaks and valleys and unsyn- 
chronized situations in the supply and requirements 
picture. Gradua however, these discrepancies are 
be moothed out and there is increasing assur- 
ance of adequate material, so that designers may 
ljepend on its availability with growing confidence 
One estimate of availability of sponge and mill 


prod icts j given in Table I 
Table I does not take into 


p, which being utilized to an 


account the recovery of 
ever-increasing 


of the seri- 


scTa 
extent. Nevertheless, scrap remains one 
complete solution to which 
in kewering the expense of 


ous pre blems > more 


would aid considerably 


I TITANIUM (1504) 400°F 
2 
(Bias. 
Twe 
mal type i application in which no other mate- 
i be expected t serve so well 
\ licated previously, titanium has been used 
t moderate temperature applications to galr 
: ind uncover future pitfalls, essentially 
iy ibstitute fe ete. Mair 
titanium has been used for sheet applica 
i ind welding prot ry 
I mn used where forgings are r 
ea apt atior ich as fire 
id mblie bulkheads loo! higt 
| 
| 
Rat’ me 


Huge T-shaped toil 
towers three stories 
high above the Mar- 
tin XP6M-1 Seo- 
master. Plane carries 
a crew of five and 
is powered by four 
Allison J-71 Turbo 
yet engines 


using titanium and simultaneously would increase 
availability. It may be said also, in passing, that 
attention is being given to melting and 
facilities to balance with raw material 

Looking ahead with respect to potenti 


ments, it is, of course, not possible for a number o 


reasons to give at this time anything like precise 
figures. It is possible, however, to indicate the mag- 
nitude of these figures. For security reasons, the 
figures used here are based on those appearing in 
public documents and are not necessarily figur:« 
used or adopted by the Dept. of Defense. Current 
announced thinking points to reaching full aerial 
strength and almost complete modernization of 
military aircraft by the end of 1956 or the middle 
of 1957. Thereafter: 
planes will be needed annually for replacement and 
continued modernization. Assuming that this cor- 
responds to roughly 250 million lb of combined air- 


somewhat more than 6000 


frame and engine weight. On the basis of some in- 


dustry estimates that one third airframe structural 
weight and about 10 to 20 pct engine weight might 
advantageously be titanium in the future, the above 
aircraft weights could correspond to 30,000 tons of 
titanium sponge. If to this are added factors for 
spare parts and conversion from raw material and 

ill products to finished form, in which the losses 
are currently considerable, the total could well be- 


come 3 to 4 times the above figure. In a sense, these 
are extremely conservative, but again it is empha- 
sized that there are a number of ifs in this program 
which could change the values very radically indeed 
and these figures should not be used or quoted out 
of context. It is evident, however, that the potential 
requirements for titanium, after less than a decade 
from its introduction as a laboratory material, place 
the titanium industry as a potential runner-up (in 
tonnage) of the magnesium industry and approach- 
ing something like half that part of the aluminum 


Table |. Estimate of Availability of Titanium Sponge 
and Mill Products, Tons 


Prodect 1954 1955 1957 
Sponge 5200 7700 29.000 30 000 
Mili Product 2000 4000 12,000 21,000 


industry devoted to aircraft. This is extremely im- 
pressive and represents again what the teamwork of 
producers, consumers, and government, supported, of 
course, by many millions of dollars, can accomplish 
Of the titanium requirements, by far the most are 
expected to be in alloy form, possibly as much as 
90 pet. It is expected that all the various forms of 
wrought material will be used; sheet, plate, extru 
sions, forgings, and tubing. Although sheet is the 
most common form now used, there is a good likeli- 
hood that forgings will begin to predominate, due to 
jet engine usage Need for forgin up to 2000 lb 
and plate up to 9000 lb has been envisioned. The 
role of castings is not so clear though definite prog 
ress has been made 
Although no atte mpt i being made in this discu 


to cover all future uses of titanium, the subject 
cannot be left with 


sion 


ut brief reference to titaniun 


fasteners. Very gratifying progre has been made 
n high strength bolts and special fasteners direct! 
interchangeable with those of steel and therefore 


ffering about a 40 pct saving in weight. These fa 


teners are already scheduled for use in production 
of naval aire Shear applicatior are of first 
major interest, with current values of shear strengt! 
at about 100,000 psi but expected to approach 150 
000 psi eventually. As an illustration of weight sav 
ngs achieved pure on a fastens bstitution ba 
in the case of fighter types t expected that 200 to 


00 Ib will be saved. In the case of a bomber o1 


in amount to about 1000 Ib 


transport ré Ci j 
Any extensive tonnage use of titanium in the near 
future for guide missiles inlikely except possibly 


for fuel tank In the more distant future their pik 


ture is expected to be quite different 


Conclusions 


The major factors and areas determining futures 
use of titanium can be summarized as follow A 
Titanium offers one of the brightest hopes for mini- 
mizing aircraft weight and size as airplane speed 
plunge deeper into the supersonic range (above 1000 
mph) and operating temperatures and times in- 


crease (temperatures just a few hundred degrees 
higher). Under some conditi particularly cer- 
tain conditions of compression and stiffness, the high 


strength aluminum alloys are superior at low tem- 
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Fig 7—Streagth 
curves ore shown 
besed on data com 
piled by the Neo 


COLUMN EFFICIENCY => 


tional Advisory Com 400 KA7TBS~-T6 STAINLESS W 
mittee for Aeronou 
tics on columa 
buckling efficiency 
high loads, or short 
columas 200 
0 4006 
‘ ind some heat-treated stainle tes re physical metallurgy and physical chemistry of the 
t high temperature und low y stee sllovs and their behavior under the above conditions 
it 2 00 + by nd tood and be pre licta yle part ularly 
i ‘ truct ad nt I tita- wit? espect to the interdependent ole of intersti- 
t 300°F tia 
if tior ict E—A formable, preferably weldable, sheet alloy 
ef tank e need f ht n the order of 175,000 psi ultimate tensile strength 
re ate hould be made available Forgings and extrusions 
lictate tr ma ild be even stronger. Ductility is important 
ne f nservit e in hig! I Higt trength alloy particularly forgings, 
iditiona fluence tow i od up to at least 1200°F and with adequate ox!- 
lation re tance hould be de veloped 
vermnent ir tair (;—More data must be generated on a variety of 
i? f ne evated temperature properti 
i te t ) heet H—There must be reduced production of scrap 
) eX ind eate of it 
f titanium alloy will Current pla ook toward annual production of 
1 w ertic bly 25.000 to 35.000 tons of sponge in 1957 w th 
! Fe example eust f scrap increasing this figure significantly 
t con Phe tential requirements in aircraft alone, begin- 
tain hig! ‘ h sh ibout that time, could easily exceed that figure 
k f ! ised rn times bringing the titanium industry into the 
t tural attact t t r t nitude of the present magnesium industry. It 
tent nev ! le tita hould be noted, however, that present production 
dir my ents equirement ind confirmed future requirements, 
tubir nd fittiz ). fasten thus fur, do not encourage the above potential fig- 
et er mj ire To what extent the latter are approached in 
e! es keep st the next few years depends on the degree to which 
‘ type t present practica ind perhaps additional ho- 
n. Use : ix : upment should gical, difficulties and deterrents are removed 
. me tact car t be over emphasized, the stage ha: 
> t th t ta- been reached where in extremely efficient and ad- 
; rect ‘ t need nm tary equipment uch as aircraft of th 
future. de ! i performance will be limited spe- 
mit t iality must be cifical by material deficienci« Titanium offers 
ne very bright prospect for partially filling this 
' t be red need for super materials 
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Fig. 1—Aft fuselage 
of current fighter 
plone is moanutac- 
tured almost en 
tirely of titenium 


North American Aviation Inc. Expands 


Use of Titanium to Airframes 


by Gorden Fairbairn 


NITIAL use of titanium in the engine nacelles of 
the X-A2J airplane resulted in a weight saving 
of approximately 120 Ib per ship. The parts were 
formed on power brakes, hydropresse¢ and drop 
‘ the use of titanium 


hammers is beginning, 


Fr 
at North An 


nium alloy sheet, bar, and forgings 


om th 

erican has expanded to include tita- 

to the extent 

that the aft fuselage of a current fighter airplane in 

production is manufactured almost entirely from 
titanium as shown in Fig. 1 

There are two main reasons why titanium is at 


tractive to the aircraft designer as an engineering 


ial: A—Titanium has a favorable strength to 


to other commonly 


ter 
weight ratio when compared to 


used metals: and B—Titanium has excellent corro- 
sion resistance in media common to aircraft service 
conditions. This combination of high strength, low 


and excellent corrosion resistance a boon 


density 
An added bonus in the tita- 


to the aircraft designe! 
temperature strength 


nium picture is the elevated 1 


of titanium which retains its usefulness at tempera- 
tures up to approximately 700°F. This property 
very opportune time for aircraft de- 


comes at a 
In such air- 


signers of high speed jet airplanes 
planes, the designer is faced with higher and higher 


G. FAIRBAIRN is Supervisor, Engineering Moterial and Process 
Growp, North Americon Aviation, Inc, International Airport, Los 
Angeles. This paper was presented at the AIME institute of Metals 


Div. meeting, Chicago, Nov. | to 3, 1954 


service temperatures for the airframe structure. The 


high strength aluminum alloy uch as 24S-T3 and 
75S-T6 are no longer useful at the higher tempera 
ture At 250°F the trength of 75S-T6, the best 
aluminum alloy, begins to fall off rapidly. Until the 
advent of titanium, the only alternative would have 
been to use stainle tee! 

Titanium comes into the picture with approxi 
mat equivalent strengths and a 40 pet lower den- 

t For an example, % hard stainless steel sheet 
has as design strength a tensile ultimate strength 


d strength of 110,000 


of 150,000 psi and a tensile yiel 
heet has a design 


psi. The 8 pect Mn titanium al 


tensile ultimate strength of 120,000 psi and a yield 
trength of 110,000 ps Fig. 2 istrates a compari- 
son of the strength weight ratio of titanium v 
ome common aircraft materials at temperatures up 


to 700°F 
Other factor 


sidered in design and 


than tensile trength must be con- 
the magnitude of the weight 
titaniur “ vary depend- 


aving gained by using 
the high 


tion. In consideration of 
it $20.00 per Ib in sheet form) 
alyze eact potential 


ing on the applica 
cost of titanium (ab« 
the designer n 


application for titanium t 
worth the ost entailed by using 


has elatively high shear ulti- 
eld strength in relatior 


This means that 


ascertain whether the 


weight saved i 
titanium. Titanium 
mate strength and tensile 
to its tensile ultimate 


titanium generally has 


trengtl 
a weight saving advantage 
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Fabrication Characteristics 

Discussion will be limited to commercially pure 
sheet of the 80,000 psi tensile strength grade and the 
8 pct manganese alloy sheet (120,000 psi tensile 
strength). Titanium is not an easy material to work 
with in fabricating sheet metal parts. The main 
reasons for this are: A—lInconsistency in material 
properties which result in springback variations on 
die formed parts, premature necking on stretch 
forming, and localized cracking in many types of 
formin B—The inherent characteristics of tita- 
nium such as high yield strength, low ductility at 
room temperature, sensitivity to rate of strain, low 
uniform elongation, and notch sensitivity; and C— 
The lack of know-how in fabrication techniques 
applicable to titanium. Some general recommenda- 
tions for fabricating titanium may be stated. The 
commercially pure titanium sheet has formability 
roughly corresponding to % hard stainless steel. 
The 8 pct Mn alloy sheet may be compared to Ls 
hard or % hard stainless steel 

Hot forming 500° to 600°F for the commercially 
pure sheet and 800° to 1000°F for the alloy sheet, 
may be used to advantage in obtaining tighter bend 
radii, greater elongation, and Jess springback or die 
forming. Hot forming also tends to compensate for 
material inconsistencies. Slow rates of forming are 
order to obtain low yield strengths 
Careful edge preparation 
and elimination of notches is desirable in order to 
avoid premature failures in forming due to the 
notch sensitivity of titanium. Finally, it is recom- 
d that titanium be stress relieved following 
+ operations. At North American Aviation 


rmed titanium parts are stress relieved at 900 


referable in 


and greater elongation 


to 1050°F. Stress relieving is necessary in order to 
prevent delayed cracking due to residual forming 
stresses. Stress relieving at 900° to 1050°F also re- 
stores the loss in compression properties due to 
ming. Up to a 20 pct loss in compressive 
yield strength and crippling strength has been ob- 
served after stretch forming 


Material Preparation 
Commercially pure and alloy titanium sheet can 
1ibbled, friction sawed, and 
Edge cracking is a 


be pierced, blanked, 
sheared using a flat bed shear 


Fig. 3—Edge cracking is a problem in oll operations ex- 
cept sawing. Edge cracking as experienced on shearing 
titonwm sheet is illustrated. 


“4 
4 
w 


Fig. 4—Small tito- 
nium ports are 
formed in a hydro- 
press. One disad 
vantage of this press 
is the small working 
oreo of the press 
relative to its over- 
all size 


problem in all operations mentioned except sawing 
Fig. 3 illustrates the type of edge cracking experi- 
enced on shearing. Sharp tools, close blade clear- 
ances and the use of heat will minimize the edge 
cracking. In severe cases of cracking, filing and 
sanding of the cut edges may be necessary in order 
to remove the edge cracks. Edge condition is an im- 
portant consideration in subsequent forming opera- 
tions. Deburring is recommended on all cut edges 


Bending 

Minimum bend radii of 3t for sheet up to 0.070 in 
thick and 3-‘t for sheets over 0.070 in. thick have 
been employed for both commercially pure and 
alloy titanium sheet. Usual practice is to recom- 
mend to the designers that 4t or larger bend radii 
be utilized wherever possible in order to avoid 
cracking due to inconsistent material. Hot bending 
at temperatures of 500° to 600°F for the commer- 
cially pure and 800° to 1000°F for the alloy is gen- 
erally recommended for long bends and for material 
over 0.050 in. gage thickness. Bending of production 
parts at North American Aviation is usually done 
with conventional power brakes using standard male 
blade punches and female channel dies. A nominal 
channel width of 4R + 2t (where R is the bend or 
punch radius and t is the nominal sheet thickness) 
is commonly used 


Press Forming 

Slow forming rates have been found preferable 
for titanium. For this reason the hydraulic type 
press has proven more successful than the mechani- 
cal crank type. Heat is generally employed for die 
forming operations at North American Aviation 
Standard practice is to heat the blank to the desired 
forming temperature and form the part on an un- 
heated die. Dies are sometimes heated to approxi- 
mately 300°F in order to avoid a chilling effect on 
the hot blank 

On hydropress rubber forming, special heat re- 
sistant rubber pads are used. Chopped asbestos has 
also been utilized to insulate the rubber from the 
hot blanks. Fig. 4 illustrates some small titanium 
parts being formed in a hydropress. Hydraulic- 
forming machines which provide high uniform unit 
pressures on all areas of the blank being formed 


have proven very successful for forming difficult 
parts at room temperature. A disadvantage of 
type of press is that the working area is rathe! 


small in comparison to the overall size of the press 


Drop Hammer 

Drop hammer forming is used extensively at North 
American Aviation for parts having complex con- 
tours. Originally, drop hammer forming was not 
considered suitable for titanium because of the de- 
sirability of forming titanium slowly. This ha 
overcome by doing all drop hamme! 
blanks which are heated to 1050°F prior to forming 
This technique has produced very satisfactory re- 
part In fact the scrap 


been 


forming on 


f es in forming has been 


rate due to material fai 
generally lower on drop hammers than with other 
a problem dus 


sults on drop hammered 
lu 


types of forming. Die materials ar 
to the use of heated blank Kirksite, which ha 
commonly been used for drop hammer dies is not 
satisfactory for hot forming titanium where larg 
volumes of parts are involved. Die dimensions tend 
to get out of tolerance due to the softening of th 
die in contact with the heated blank 

Other die materials have been investigated uch 


teel, and have proven satisfac 


as ductile iron and 
tory. The main disadvantage in using drop hammer 


Fig. 5—A finished titanium port is shown on o drop hom 
mer die. Drop hommer forming produces o larger rotio of 
blank weight to finished port weight than other types of 
forming. 
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Fig 6—A wing tip is 
shown being stretch 
Stretch 


forming of 


formed 


remains one of the 
more troublesome 
operotions at North 
Amerncoan Avrotion 


he iti blank weight 
‘ 
eed f 
r now a 
Stretch Forming 
ont fuselage 
ira ‘ nee 
A ead 
+} nd 
‘ ilt 
‘ 
er ict al 
ed 
he 
i +) ste and 
‘ nt tou Stretch f 


Fig. 7—Contouring fuselage skins is done by stretch form 
ing. Scrap rote has been reduced by intermediote anneals 
between multiple forming stages 
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ng of titanium remains one of the more trouble- 

ne operations at North American Aviation. Figs 
6 and 7 illustrate respectively a wing tip and fuse- 
ige skin being stretch formed 


Joining 
Commercially pure titanium and titanium alloy 
assembled at North American 


heet etai parts are 
riveting using Monel rivets. The com- 
re a pure titanium is also assembled to itself 
t means of spot and seam welding For riveting 
brazier head rivets are generally used for internal 
truct ‘ ind fi h he ivets are used for external 
Kil In flush riveting, commercially pure and alloy 
j heet is either machine counter-sunk or 


limpled depending on the material thickness 


are dimpled. For dimpling 


Gage than 0.063 in 
the pure or alloy sheet, the dimpling dies are heated 
750° F and a dwell time of 6 sec is used to provide 
ticient heat in the sheet prior to dimpling 
I pot or seam welding of commercially pure 
tanium, standard equipment and procedures used 
f tainle tee! are satisfactory. The surface of 
the titanium sheet must be free from annealing or 


hot forming oxides prior to welding. A ratio of ten- 
hear strength of about 0.3 is normal 


welded commercially pure titaniun 


Assembly Techniques 


Because of the cracking tendency of titanium and 
t t tance t ocal deformation, it is very neces- 
that oper contours and close fit-up be main- 
ned in assembling titanium parts. If parts do not 
atch, it is better to use shims to take up £Zaj 
ather than attempt to force parts together in 


I A common practice at North American 


yn has been to shim any gap over 0.010 in. rather 
than close the gap by riveting. This means that 
letails produced by the forming departments should 
be held to closer tolerances than commonly main- 
tained witt er aircraft materials such as stainle 
tee Check templates and jigs and assembly fix- 


tures must be carefully checked to insure the proper 
mating of detail parts. In short, it 
better job than previously necessary on common 
airframe materials while using a new metal on which 


fabrication techniques are still being developed 


; necessary to do 


> 


Fig. 1—After com 
pletion of brick 
work, the furnace 
was cleaned ond a 
wood form erected 
for reguleting the 
thickness and the 
shape of the rammed 
bottom 


Maintenance of Electric Furnace Bottoms 


As Practiced in Bethlehem Plant 


by H. C. Bigge 


URNACES making steels of high alloy content 

require superior refractories because of the high 
temperature during meltdown and refining and the 
special slags used. Difficulties in the hearth caused 
by slag and metal penetration necessitate the use of 
high magnesia refractories 
At Bethlehem 96 pct MgO is used for cold ram- 
Three features are claimed for 
performance 


ming a new bottom 
this material that make it unique in 
compared with other ramming materials. These are 
A—The chemical analysis is what operators have 
been trying to obtain for years. A typical analysis 
is 96.67 pct MgO, 1.07 pct CaO, 1.04 pct SiO,, *.22 pct 
R,O, impurities 
B—Its bulk density allows it to ram up to 18t) Ib 
per cu ft, which makes it an excellent bottom miute- 
rial, especially in electric furnaces where a great 
deal of reducing slag is absorbed into the conven- 
tional bottom 
C—It has low shrinkage, less than 1.00 pct. The 
sintered 
which 
eliminates long burning-in time and increases pro- 
It is recommended that the material be cold 


manufacturer claims it does not have to be 
because it forms its ceramic bond at 1500°F 


duction 


H. C. BIGGE is Superintendent, Tool Steel Dept. and Electric 
Furnaces, Bethichem Plont, Bethichem Steel Co, Bethichem, Pa 
This is an abstract of a paper presented at the AIME Electric 
Furnace Steel Conference, Pittsburgh, Dec. 1 to 3, 1954 


rammed up to the working surface without any 


magnesite or foreign material burned over the top 
The green crushing strength 6000 to 9000 and it 
will stand a hot load of 25 psi to temperature in the 


range of 3450° to 3540°F. The reversible thermal 
expansion is approximately 2.3 pet from room tem- 
perature to 2550°F 

Within the past three year 
four bottoms of 96 pct MgO, in four 


tjethlehem installed 
lifferent fur- 


naces: one 7-ton furnace. 11-ft dian hell: one 25-ton 
furnace, 15-ft diam shell and two 50-ton furnace 

18-ft diam shell It was found that the material 
forms a ceramic bond at approximately 1500°F 
therefore, it is necessary to provide means for elim- 
inating the moisture from the ramming mix when 


heating it 

The average furnace bottom and outer shell are 
so constructed that it i lifficult for the moisture to 
under- 


ulate 


escape, with the result that it accum 
neath the rammed bottom or the bottom of the brick- 


work where superheated stearr formed 
To eliminate this condition, vents were provided 
in the stee] shell, consisting of drilled holes of %-in 


diam equally spaced around the vertical center 
of the furnace shell. A new steel 
placed in the furnace and welded to the shell, vent 


were drilled 


bottom plate Wid 
holes and hole for the py meter tube 
and six %&x2x36-in 
to the inner shell 


strips were welded 


conductor 
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Fig. 2 
noce heorth is 6 to 12 in. The ultimate density of the 


Recommended range of thickness for electric fur 


rammed structure will depend upon the thoroughness of 
the ramming 


i plate. Tw lie urses of chrome 
mn 24 ct ) 49 pet MgO meas- 
ix4%ex3 ir ere put in the bottom, laid in 
‘ at ising x2x10 in. wooden 
tris ‘ ‘ each brick. After each course wa 
trv t vere ‘ ved nd dry chrome 
‘ the ime comp tion as the 
etween the t cK joint 
the ttor all wer 
n k +? the f irse 
Niu it the ] line 
é : hickne 20 in. From this point 
th ob mad senesite brick was con- 
T} brick were all buttered 
‘ f the wa Mia % in. thick 
e she e with 13%x6x3 


k work, the furnace 
‘ f mn erected as shown 
the thickne and the shape 
' ‘ kwork in the bottom 
above the level 
j na t ck particles and 

ite wate 
ente th k f n absorbing the 
ire before it is rammed and 


applied than can be 


‘ it. In large hearths 
‘ ea ection using 
1toy vide a id frame against 
‘ the edge of the 
the form must be well roughened 
the next seciior 
é i be spread evenly to a depth 
t tea at nce continuing 
thickmne educed to about 3 In. and a 
i ‘ ta ed Before eact sut sequent 
face should be thor- 
t? ened with a rake be- 


‘ al tk insure a 
etween the tv ave The ultimate 
re ed icture w lepend upon 
tne the rami The ex nmended 
7 t} kne f an electric furnace hearth is 

f ted in F 2 
The et rrie | comy icting 
the x fi eT DacKnhil ta per 
with a 3 to 3%-in. diam head. These rammers have 


454—JOURNAL OF METALS, MARCH 1955 


a stroke of from 5 to 6 in. and operate efficiently on 
80 to 100 lb air pressure. 

Rammed bottom of high MgO content, properly 
installed, have proved more efficient than burned-in 
bottoms. With a rammed bottom, a hearth high in 
MgO is obtained without silica (SiO,) infiltration 
from overheated walls and roof, as might occur dur- 
ing the process where a bottom is burned-in in layers 
with electrodes or carbon blocks in T formation 

The rammed bottom, therefore, is more refractory, 
is easier to build, avoids the time and hazard of 
burning the side walls and roof and costs no more 
than the burned-in bottom 

At Bethlehem the coke method as shown in Fig. 3 
is used for the burning-in operation. The furnace is 
filled with clean lump coke (measuring from 2 to 4 
in.) level with the door sill. The electrodes are 
lowered and regulated by hand: high voltage is used 
for 5 min to ignite the coke directly underneath the 
electrodes and submerge each electrode approxi- 
mately 3 in. below the level of the door sill. The 
power input is then reduced by lowering the voltage 
and the power is scheduled on the basis of on and 
off, in order to heat the furnace slowly and uni- 
formly. The use of coke was adopted in 1940 and 
it is preferred for the following reasons 

A—lIt maintains a steady contact with the elec- 
trodes and gives gradual uniform heating of the flat 
and banks 

B—It prevents the intense heat of the electric arc 
from reflecting against areas above the slag line 

C—Coke additions are easy to make 

D—It eliminates difficulty in moving electrodes or 
carbon blocks when that method is used to burn-in 
the bottom 

E—It eliminates the difficulty of removing the 
electrodes from the furnace 

F—After the burning-in operation is completed, 
about 90 pct of the remaining coke and ash can be 
removed into a slag pot by tilting the furnace and 
rabble or scraper attached to the 
charging-machine peel. The remainder is absorbed 
in the wash heat used for completing the installation 
of the new bottom 


using a steel 


Data on Installation 
The 96 pet MgO rammed bottom installed in the 
25-ton furnace, 15 ft shell was made as follows 
After brick work was completed, the surface of the 
brick on the bottom and side walls was cleaned and 
scrubbed with an 80-pct solution of sodium silicate 
in pure water 


Fig. 3—Section through 50-tonm electric orc furnace illus 
trates coke method for burringin operation 


= 
3 
4 ‘ rammed 
i aights and keys with 54 
| 
J 
—— 
af 
——-4 


Fig. 4—Stages 
shown during 
washing bottom 
ore: A—taphole 
after tapping 
metal, 8—elec- 
trodes on T for 
arcing, C—tap- 


A total of 15,500 lb of 96 pct MgO was used. It 
was found that 3 pints of water per 100 lb of mixture 
gave better ramming than larger quantity of water 
A total of 58.1 gal or 464.8 lb of water were con- 
sumed. The material was mixed in a mechanical 
mixer in lots of 300 lb. Eight men installed 15,500 Ib 
in 8 hr. After the ramming was completed a charge 
of 6300 Ib of lump coke, size 2 to 4 in., was placed 
on the hearth to a height even with the door sill, for 
burning-in the bottom 

The electrodes were then lowered level with the 
top of the coke, the electrode mast arms were marked 
with chalk to show their position in relation to the 
coke, and the power was applied, using hand control 
A power of 232 v (5000 amp) was applied for 5 min 
until the electrodes were immersed approximately 
3 in. in the coke bed, and again the mast arms were 
marked. The power input was then changed to 114 v 
(5000 amp) and a power input schedule was adopted 
for the rest of the burning-in operation, representing 
a cycle of 5 min on and 10 min off. The coke was 
rabbled with a bar each hour and additions of coke 
were made during the entire burning-in operation 
to keep the coke even with the sill level. When 
necessary, the electrodes were slipped 

A total of 28% hr was necessary for burning-in 
the rammed bottom to a hearth ternperature of 380°F 
at 16% in. below the top of the rammed surface and 
180°F on the outside shell of the furnace. The tem- 
perature of the side wall above the tap hole was 
2700°F, measured with optical pyrometer. The pyro- 
meter tube in the hearth was located in the center 
of the electrode circle. The outside pyrometer was 
embedded in the furnace shell, 29 in. from the top 
of the rammed surface. This double bottom consists 
of two plates each 1 in. thick, with rammed chrome 
concentrate Detween 

The heating schedule was 9% hr power on and 
19 hr power off. The original coke charged weighed 
6300 Ib. a total of 2725 lb was added during the heat- 
ing schedule, making a total of 9025 lb to keep the 
coke at sill level. A total of 16,000 kw hr was con- 
sumed during the heating operation. After complet- 


hole lowered with 
oxygen lance, 
D—after washing 
and draining bot 
tom, and E—top 
hole repaired, 
furnace ready 


ing the heating schedule, the furnace was tilted to 
slag-off position. Steel rabbles were used to rake 
the coke toward the charging door where it was re- 
moved into the slag pot with a mechanical rabble 
fastened to the charging machine 

It is estimated that approximately 3500 Ib of coke 
were used in the burning-in operation, 5098 lb wer« 
removed from the furnace into the slag pot and 427 
lb were absorbed in the wash heat which followed 
immediately after the removal of the coke 

It is important to remove as much as possible of 
the coke from the bottom before making the wash 
heat, otherwise difficulty will be experienced in 
heating the wash heat as the coke will gather on the 
surface of the molten metal causing excessive heat- 
ing of walls and roof 

A wash heat was made to remove any excess coke 
and to set the bottom. The furnace was charged with 
bundle scrap, power was applied and the scrap melted 
with a single slag and tapped with black slag 


Maintenance 

If difficulty with excessive erosion or a hole in the 
bank is encountered the 84 pct MgO hot patching 
material is used up to and including the slag lings 
Holes must be reasonably clean and should be blown 
out with air. It must be mixed quite wet (consist- 
ency of concrete) for maximum compaction (10 to 12 
pints of water per 100-lb sack). This is particularly 
important in large furnaces or in a location where a 
patch cannot be reached and tamped in. After patch- 
ing sufficient time should be allowed for the material 
to bond, before charging furnace 

Recently difficulty was encountered with excessive 
erosion of the banks of a 50-ton furnace, makings 
special alloy. After the furnace was tapped, the 
bottom was cleaned with air and 5000 lb of ft 
pct MgO was shoveled on the banks. Fifty pct of the 
scrap ¢ harge for the next heat was added and heated 
slowly for 2 hr. After this charge was about 75 pct 
melted the balance of the scrap was charged and the 
banks were satisfactory after making and tapping 
the metal 
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of each furnace are washed as needed, using 138 to 


Table |. Analysis of Calcined Dolomite Used for Maintenance and 24-in. lengths of 12, 18, or 20-in. diam electrodes 
of Furnace Bottom Before Washing, Pct placed on the flat of the furnace with the charging 
machine and arranged with a peel mounted on the 
charging mact ne, for T formation for arcing. Power 
is applied to heat the flat and bottom, and then mill 
scale and fluorospar are spread over the banks and 
a flat. Power is again applied and after the metal and 
A“ > . > slag accumulate on the flat, the tap hole is lowered 
A ‘ 2 with an oxygen lance and the furnace is drained 
78 20 The banks and flat are repaired with calcined 
= jolomite. Heat is again applied until the bottom is 
‘ , ean, after which the electrodes are removed from 
p rr the bottom and the tap hole repaired. The electrodes 
| are returned to a higher position in the holders and 
the bottom is allowed to set 45 min before recharg- 
g. A total of 5 hr and 55 min was required for 
When necessary to hot patch the © Walls above th yperation. In the 25-ton furnace it was done in 
. 65 pet MgO granular refractory hr. Fig. 4 shows the tap hole during various stages 
When the proper amount of pure wate n washing bottom 
igh uirred, the mixture can b¢ The analysis of the calcined dolomite used for 
t will adhere enance and the analysis of the slag taken from 
¢ efract the bott before washing the furnace are given in 
‘ e of ne 4 ti Table I 
th a specia vith a strean Since all basic furnace practices include the use 
' nh retractorine rapid f lime-rich slags, even hearths that were originally 
ace adheres to vertical high magnesia content show unmistakable trends 
pera 
he ‘ ‘ im be of heat 
10 to 4400 heat Table li!. Analysis of Metal Mixed with Bottom Material 
N et ile in 7-Ton Basic Arc Furnace 
t he t Element Pet 
t j 1. At the 
je after ap- Fe 89.1 
091 
heats, « ea M 0.19 
0.021 
Ss 0 035 
} cet r tationary Ss 0.46 
ace and 62 net t each 
tre tr ina 
I icted f he eofad4 toward the dolomite composition soon after they are 
wh th hole est the it i ervice After a few weeks, the chemical 
‘ The hole change may penetrate the hearth substantially. After 
‘ } ire f : ed d ‘ i a yé r tw me hearths attain a dolomite-like 
‘ h ire t n it ‘ . position all the way to the monolithic structure 
ger tal 6 1 from the Tables Il and III give the analysis of a bottom 
f ea + net t from « the - taken from a 7-ton basic arc furnace after making 
‘ he i ts. Tr 4392 heats. The samples were taken from the ex- 
" ‘ " ‘ etime AUSE treme bottom adjacent to the brick work 
i A ‘ i anda 
tior The use of a 96 pct MgO rammed bottom installed 
t th ndition. the bottom and banks by the coke process, with drilled holes in the shell, 
ikes the most efficient installation to date. Wash- 
a ing of the bottom periodically results in less con- 
Table i. Analysis of Bottom Token From 7-Ton Basic tamination and produces cleaner steel 
Arc Furnace, Pct 
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Chemistry of the Ammonia Pressure Process for Leaching Ni, 


Cu, and Co from Sherritt Gordon Sulphide Concentrates 


The paper relates to the laboratory and pilot plant studies that have been car- 
ried out by Sherritt Gordon Mines Ltd., Metallurgical Research Div., in developing 
the ammonia pressure leach process for extracting copper, nickel, cobalt, and sulphur 
from high grade nickel concentrate produced from Lynn Lake ores, and describes 
in some detail the chemistry of the process. 


T is well known’ * that copper, nickel, cobalt, zinc, 
ferrous iron, and a number of other metals com- 
bine with ammonia in aqueous solution to form com- 
plex ions of the form [Me(NH,)x]™. The stability 
and solubility of these ions depend on the concen- 
tration of the metal ion in solution, on the amount 
of NH, present, and on the amount and type of 
anions present, e.g.. OH’, CO, NO,, Cl, SO, If 
ammonia is partially or completely removed from 
such solutions, for example by boiling, the soluble 
ammines tend to decompose and the metals precipi- 
tate as basic salts 
These properties of metal ammines have found 
in the commercial recovery of 
copper, nickel, and cobalt from a variety of ores. In 
an operation formerly conducted at Kennecott** the 
mill tailing containing 0.80 pct Cu as copper carbon- 
ate was leached by percolation with an ammonia- 
ammonium carbonate solution to dissolve the « 
ammine. At Calumet and Hecla*” with a mill 
tailing containing about 0.4 pct Cu as metallic cop- 


practical application 


as the 


per, it has been found necessary to aerate the ammo- 
leach solutions between 
At Nicaro 
where nickel and cobalt occur as oxides and silicates 
which are not soluble in ammonia, the ore is heated 
to decompose silicates and to selectively reduce the 
nickel and cobalt to metal, leaving the iron as Fe,O,, 
and is then leached with ammonia-ammonium car- 
bonate solution accompanied by aeration to dissolve 
nickel and cobalt as ammines 

In each of these leaching operations, the anion 
present is CO, and the metals can be precipitated 
from the leach solution as oxide (copper) hy- 
droxide and carbonate (nickel and cobalt) by boil- 


nia-ammonium carbonate 


stages to oxidize the solubilized copper! 


F. A. FORWARD, Member AIME, is Professor ond Head, Dept 
of Mining and Metallurgy, University of British Columbic, Von 
couver, 8. C., Canada, and V. N. MACKIW is Director of Research, 
Sherritt Gordon Mines Ltd. Fort Saskatchewan, Alberta, Canada 

Discussion of this paper, TP 3951BD, may be sent, 2 copies, to 
AIME by May |, 1955. Monuscript, Feb. 16, 1954 New York 
Meeting, February 1954 

An abstract of this poper will appear in MINING ENGINEERING 
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ing off NH, and CO, both of which are recycled to 
treat a subsequent ore charge. The products—oxide, 
hydroxide, or carbonate—can be treated by conven- 
tional smelting, calcining, or electrolytic methods to 
convert them to refined metals. Thus the procedures 
mentioned utilize the properties of the ammines to 
extract copper, nickel, and cobalt from nonsulphide 
ores and separate them from the leach solutions 

These processes have the advantage that they can 
be carried out in closed vessels at atmospheric pres- 
sure, that the leaching solutions are specific for the 
desired metals, that the metals can be recovered as 
relatively pure compounds by the boiling operation, 
and that the NH, and CO, can be recycled. Also, as 
the leach solutions after boiling and filtration 
substantially free of metals, NH,, and CO,, they 
discarded, thus facilitating the control of 
balance in the leaching circuit 


are 
can 
be the 
water 


When, as is the case with Sherritt Gordon concen- 


trates, sulphides are treated with ammonia solution 
in the presence of oxygen, the leach solution con- 
tains SO, -, and an entirely different set of conditions 


is encountered. The ammine sulphates (of nickel, 


for example) are more soluble than the carbonates 


and can be only partially decomposed by boiling 
The SO, and NH, in the solutions can not be re- 
covered by boiling. Thus, despite the more favor- 


able leaching conditions resulting from high solubil- 
ity of the ammine sulphates of metals 
NH,, and SO, from the solutions must be effected by 
other 


the recove 
means 


Sherritt Gordon Nickel Concentrate Treatment 


The Ni-Cu-Co flotation concentrate produced at 
Lynn Lake” contains 12 to 16 pet Ni, 1 to 2 pet Cu 
0.2 to 0.5 pet Co, 33 to 40 pet Fe, 28 to 34 pet S, 8 


to 20 pct insoluble, and less than 0.02 oz per ton 


precious metals 
the 


The nickel is present chiefly as pentlandite, 


copper as chalcopyrite, and the iron as pyrrhotite 
and pyrite. Most of the cobalt is thought to be pres- 
ent in pentlandite, although it is known that a smal! 


amount occurs as Co-Ni-pyrite 
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Fig. 1—Flow diagram of leaching ond copper-removal circuits 
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Fig. 2—Diagrammatic representation of leaching sulphide 
particle (pentlandite 


tior The copper, nickel, and cobalt are converted 
to ammines and the sulphides oxidized to sulphates, 
tr ilphates and polythionates 
As the presence in the leach solution of sulphate, 
tt ilphate, and other ions preclude the possibility 
f precipitating the metals as oxides or hydroxides 
t ff the ammonia, other methods must be 
adopted. The precipitation of nickel ammonium sul- 
hate will ilphuric a id” is an effective method of 
‘ at the nickel from both copper and cobalt 
4 second method” comprises separating the copper 
juantitative from nickel and cobalt by boiling the 
eact ition to drive off part of the thus pro- 
t the decomposition of thiosuly e and pre- 


tating the copper as sulphide. Nickel and cobalt 


De ecovered eparate! from the resulting 
per-free solution’ by a hydrogen precipitation 
method developed by Chemical Construction Corp 
and Sherritt Gordon engineering and research staffs 
The final products from this operation are copper 
ilphide, nickel metal, cobalt metal, and ammonium 
hate 

It the purpose of this paper to outline the chem- 
t f the leaching and copper precipitation oper- 
tior und to discuss the effect of me of the vari- 
ble ich as temperature, pressure, and ammonia 

ncentration on the reactions involved 


Flow Diagram 
flow diagram (Fig. 1) will show 
that the eaching process comprises essentially a 
two-stage counter-current leach in which pregnant 
produced in the first stage. The solids from 
the first stage are mixed with wash water (contain- 
f ummonia) and leaching continued in the second 
tage. When leaching is complete the pulp is thick- 
ened, the solids filtered, washed, rey ilped and re- 
washed twice, and discarded. The liquor is mixed 


vith fresh concentrate and charged to the first stage 


re washed to recover ammonia 
The pregnant liquor is boiled in a continuous unit 
ver NH, is heated to precipitate copper sul- 
hide, and treated finally with a small amount of 


HLS to remove the last traces of copper 


Reactions in Leaching 


The leaching action in its simplest form may be 


iescribed as a reaction between the sulphide min- 
era n the concentrate, dissolved oxygen, ammonia, 
and wate in which copper, nickel, and cobalt are 


nverted to ammines, sulphur is converted to an 
hydrated 
reactions might be expected to 


xidized form nd iron is converted t 
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be influenced in the normal manner by variations in 
temperature, pressure, and concentrations of ions 
and of “unbound” ammonia in the leach solution 
There are, however, a number of other factors 
that serve to complicate the procedure. In the first 
place, the concentrate contains at least four sul- 
phide minerals—pentlandite (NiFe)S, chalcopyrite 
(CuFeS,), pyrrhotite (Fe.S...), and pyrite (FeS,) 
There is some 
landite, 


evidence to suggest that the pent- 
and pyrrhotite react with oxy- 
gen, water, and ammonia, to produce soluble 


chalcopyrite, 
salts 
in such a way that the iron present in each mineral 


to hydrated iron oxide in 


particle is converted 


with the result that the particles, when leaching is 


complete, consist of hydrated iron oxide pseudo- 
morphic with the original mineral. If this hypothe- 
sis 1s correct, it could be assumed that, at any given 
time during the progress of the leach, the leaching 


particle as represented in Fig. 2 consists of a sul- 
phide core surrounded by an iron oxide envelope 
through which (in the case of pentlandite, for ex- 
ample) the nickel and sulphur ions diffuse outward 


oO react with oxygen at the liquid-solid interface 
while the oxygen diffuses inward, 


associated with vacancies in the oxide 


possibly by a 
mechanism 
Pyrite does not react measurably under the 
ised in leaching: it remains un- 
nickel 
in the pyrite can not be dissolved during leaching 


A further complication is that the sulphur in the 


conditions normally 


altered in the leach residue and any cobalt o1 


sulphides is not converted in a single step to sul- 


phate but follows through a series of reactions in 


which the first product is thiosulpate, this being fur- 
ther oxidized to thionate which in turn are oxi- 
dized to sulphate and sulphamats 


the leaching action carried out under a 
variety of conditions suggest that the following re- 
actions take although at any 
given point in time all are in progress simultaneou 
NiS: FeS 3FeS 70 1ONH 4H.0- 

Ni( NH,),SO, 2Fe,O; .H,O + 2(NH,).S,O, [1] 


2(NH,).S,0O, + (NH,).S,O (NH,).SO [2] 


(NH,).S,O, + 20 4NH H.O — 
NH, .SO,. NH 


place in sequence, 


2(NH,),SO [3] 


The initial reaction, represented by Eq. 1 and in- 


volving the mineral particles, water, ammonia. and 
lissolved oxygen, is heterogeneous while the ibse- 
lation of ilphate to thionate, sulpha- 
i ilphate occurs homogeneously in the 
Reaction rates are infl 1enced by temper- 
ygen pressure, concentration of reactants 


in the solution, agitation of the pulp, and by the size 
of the mineral particles. Studies have shown that 
the rate of conversion of tl ilphate to thionate 


sulphate, and influenced by the 
presence in solution of cupric salts which act as oxi- 


dation catalysts 


u 220} \ | 
\ 
| 

| Fig. 3—Time re 
S. | quired ot different 
@ NY temperotures to ef 
w 
a fect the extraction 
> of 95 pct of the 

= ¥ 

“| “SS | Ni-6O pet S 

140! 
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Fig. 4—Effect of temperature on the formation of $.0, and $.0 
Under the circumstances it is extremely difficult 
to determine with any certainty the rate-controlling 
factors except by inference from a series of batch 
ests carried out in such a way that one factor at a 
As the leach is carried out commer- 
the teady state condi- 
tions present during operation are different from 


tion but the 


cially on a continuous bas 
those found in a batch opera data ob- 


tained in the latter have been found to be entirely 
adequate for regulating the progress of the continu- 
sus leach 


Effect of Variables 


The effect of variables on the rate and extent of 
the leaching reactior briefly as follows 
Temper re: In a complex system it is not possi- 


ble to predict the effect of temperature beyond the 
general statement that higher temperatures tend to 

This effect is complicated by 
temperatures tend to increase 
hydrolysis. A 
series of experiments carried out with uniform con- 
density, and 


increase reaction rates 
the fact that higher 


NH, vapor pressure and to promote 


ditions of agitation, O, pressure, puly 


initial solution comy osition but at « 


atures gave the results depicted in F 

Although these curves indicate that there is a con- 
siderable advantage to be gained by using higher 
temperatures in the leach, this is offset by the fact 
that at the higher temperatures increased partial 


ressure of H,O and NH, necessitates the use of 


higher total pressure to maintain adequate partial 
pre ure of oxygen 

A further and mori important factor is the re- 


quirement that the final leach ition produced in 
the f t stage (where there an abundance of fresh 


ulphide concentrate, a greater demand for oxygen 


and a high evolution of heat) must contain a pe- 
ar int liphate and ti thionate to pro- 
vide the ilphide ions necessary for copper precipi- 
tation in the boiling operation which follows leaching 
Reactions 1, 2, and 3 proceed multaneously but 
each is affected differently | temperature variation 
The effect of ter perature ne formation in 
eaction 1, S,O I ator eaction 2, and S,O 
oxidation in reaction 3 is represented in Fig. 4 
which shows the S,O and S,O concentration in 
a leach solution at ucet ve period of time r 
batch leache carried out at 120 175 and 220°F 
It is seen that by varying the temperature the 
peak of concentratior f S.O 5,0 ay be 
ined, as may also the it {) and 
the period of time in which hig! centrations of 
the two ex t The curve I VT epresent ] ne 
et of conditions in respect t x 1 ‘ ure, a 
tation, liquid-solid ati Gg initia ition ana 
is the gre ot the ear hence the 
shape of the curves may be further varied | alter 


ing these conditions 
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> Fe | Fig. S—Effect of O, Fig. 8—Effect of 
2 | pressure on extrac soluble calcium on = 
| tion of nickel ond leaching rate of 
Oy 
- - 2 3 $ 
the same way as these are affected by increased 
- ] temperature. as shown in Fig. 4 
,. — NH, Concentration: Determination of the effect 
es J | f NH, concentration on the rate and extent of the 
* > 1 Fig. 6—Effect of leaching action is complicated by the fact that the 
he unbound = ammona immonia entering the leach reacts in four ways: 
2 - on the — of ] ome of the NH, is neutralized to NH,’, 2—some 
¥ ” nickel unbound is converted to sulphamate NH,.SO,, 3—some joins 
= the nickel, copper, and cobalt present to form am- 
[Ni(NH,)z]™ in which x may have a value 


/ between 1 and 6, and finally 4—some NH, remains 
as unbound NH, in solution. The NH, in the metal 
ammines and the unbound NH, both react with 


Time (HOURS) 
acid and the sum of the two is termed “titrateable 


Oxryg re e: Du the eal tage aa ammonia. The proportion of each present can be 
batch leact en { f tu determined” from a knowledge of the equilibrium 
the pulp, there » higi e! equirement for constants for the formation of the various ammines 

ilphide oxidat uN lation of tl ilphate Studies have shown that increased unbound NH, 
und tt te t ilphat 1 sulpt te Under concentration within the range required for suc- 
the nditior tl [ tration of oxygen in the essful operation affects the leaching operation in 

‘ : i the le two way l—it increases the rate of leaching of 

let nine he d it f gen at the ga nickel, copper, and cobalt and 2—it increases the 
e whict mn tur lepend m maximum extraction of the metals. Fig. 6 illustrates 

artia: pre are these effects for the leaching of nickel; the curves 

he leac! ea pie ne xy ger for copper and cobalt are similar. The lower final 
ler i é and oxygen pr ire rt t Ipet extractions with low unbound NH, can be explained 
ede a rate ng tact t ther tact at least in part by the fact that high NH, content in 

} itv i diff n of sulphide ns ti igh the leach solution tends to reduce the nickel content 
he xide layer su inding the unreacted sulphide f the hydrated iron oxide” as shown in Fig. 7 
re ee Fig. 2 Varying the unbound ammonia does not affect the 

I which shows the a int of nickel and rate or extent of extraction of sulphur 
alphu ved im the ‘ A St f leache Sulphate Ions: If the concentration of anions such 
at diffe t xygen pre ire it wit! the ilphate ions is too low, the leaching rate and 
een that eased ox iltimate metal recoveries are also low. Normally, 
elerates the leac! tion during ufficient sulphur is dissolved from the sulphide 

‘ as the concentrate to provide adequate concentration of 

1. Variat essure ha sulphate and sulphamate ions in the leach solution 
: he ult ite extract f nickel oO! When leaching a sulphur-deficient material such as 
a matte or metal, it is necessary to provide addi- 
xygen pre ‘ celerate xidatior tional anions in the leach solution, usually by the 
1 thionate i the initial pe- addition of ammonium sulphate 
eact ition Pa;ticle Size: The flotation concentrates used 
u tends | ea axumu neentra- throughout the investigation were fine enough 
A iife of the 5,0 nd 9.V ns in muct (about 85 pct —200 mesh) so that the minerals 
- were largely unlocked and additional grinding had 
relatively little effect on leaching rate or recovery 
he ; It is obvious that coarser particles would leach 


~ more slowly due to the thicker oxide layer on the 


md particle, increasing the difficulty of diffusion. The 

~~ 2h j Fig. 7— Perentece presence of particles of different sizes increases the 

of difficulty of interpreting rate curves 

2 : : es a function of Calcium: The presence of soluble calcium in the 
| — NH_ concentration concentrate, resulting from CaO additions in the 

Z flotation cells, has an adverse effect on the leaching 


rate. The extent of this effect has been determined 
by leaching a concentrate low in soluble calcium 
(0.3 pet), then adding different amounts of CaO, 
NM, CONCENTRATION \ other conditions remaining unchanged. As shown 
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in Fig. 8, an addition of CaO corresponding to 0.5 
pct of the concentrate, giving a total soluble calcium 
content of 0.8 pct in the concentrate, reduced the 
nickel leached in 6 hr from 95 to 75 pct while a 1.5 
pet equivalent calcium addition reduced it to 50 pct 

It is presumed that the calcium combines with 
SO, produced during leaching to form an insoluble 
CaSO, film on the surfaces of the leaching particles 
which, by obstructing the access of oxygen to the 
particles, retards the leaching action. The detri- 
mental effect of calcium can be counteracted by 
adding a small amount of CO, to the leach solution to 
produce insoluble CaCO,. The effect of CO, addition 
is indicated by the top curve in Fig. 8 

Agitation: Agitation has a pronounced effect on 
leaching rates due to the heterogeneous character of 
the reactions which involve dissolving oxygen at 
the gas-liquid interface, transporting the oxygen 
through the solution to the sulphide particles, and 
removing the concentrated leach solution from the 
liquid-solid interface. Any one of the three men- 
tioned may be the rate-controlling factor at one 
time or another during the leach, but increased 
agitation which means increased power! will 
accelerate al! three. Although this field has not been 
fully investigated, the data obtained indicate that 
the initial leaching rate of nickel is directly propor- 
tional to the power input. It should be mentioned 
that the practical limit of agitation is determined 
by the need to prevent disintegration of th 
paratively soft hydrated iron oxide residue particles 
Fine particles produced by overagitation are detri- 
mental in subsequent thickening and filtering oper- 
ations 


input 


e com- 


Boiling 

The pregnant leach solution produced under con- 
ditions selected to give high recovery of metals in 
continuous leaching unit is complex 
in character. It contains nickel, copper, and cobalt 
as ammines, unbound NH,, S,O 5.0, SO and 
NH,.SO,. The first step in treating this solution to 
prepare it for subsequent nickel precipitation has 
two objectives: 1—to remove and recover part of 
the titrateable NH, and 2—to separate the copper 
Both can be achieved by a single boil- 
for purposes of convenience and 


the two-stage 


as sulphide 
ing operation, but 
efficiency, the copper removal 
stages 

In the first stage ammonia is boiled off in a series 
of pot stills, condensed, and recovered as 15 pct 
aqua which is recycled. In the second stage the 
solution low in unbound ammonia is heated to a 
temperature above 250°F to complete the precipita- 
tion of copper sulphide which commences as the 
ammonia concentration is lowered during the first 
boiling stage 


is carried out in two 


3. 
- > 
‘Ze 

ig. 9— Progress of 
S the boiling opero- 
é 
\ t Ow 

2 ‘ 


Time (HOURS) 
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* 
* 
Fig. 10—JInfluence 
of temperoture on 
the precipitotion of .. 
copper sulphide from \ 
ammine solution 
of\ 


MINUTES 


Reactions taking place as NH, decreases are as 
follows 
S,0,- + H,O~ + + 2H" [4] 

2H,O ~ 2S0,~ + CuS + 4H” [5] 
H,O ~ SO, CuS + 2H" [6] 


4H,O ~ 8Cu’ + S,O,~ 4 


SO,- + 8H’ [7] 


8Cu™ + 258.0, 


2Cu’ + S,O 2H,O ~ Cu,sS + 280," + 4H” [8] 
nNH, [9] 


nNH, 


Cu(NH,), 
Ni(NH,), 


>» [Cu(NH,),..] 


[Ni(NH,)...] [10] 


The distillation of NH, from the leach liquor has 
been studied in some detail.” The problem can be 
treated as an ordinary NH, distillation operation 
providing consideration is given to the effect of 
metal ion concentration in the solution on the ac- 
tivity of the NH, 

The progress of a boiling operation depicted in 
Fig. 9 shows that as S.0,.- de- 
composes rapidly and that the copper is precipitated 
by decomposition of both S,O and S,O, After 
three hours, the rate of precipitation of copper be- 
comes uneconomically slow 

In the second 
ing copper sulphide is transferred t 
and the temperature raised to 250°F or 
accelerate the final precipitation of CuS by 
reaction 6. The effect of 
shown in Fig. 10. In actual opera- 
sulphide precipitation 
copper 


NH, decreases the 


stage, the boiled solution contain- 


) an autoclave 
over to 
S.O, 
according to increasing 
temperature is 
tion, the boiling and copper 
are carried out in continuous 
being reduced to 0.03 to 0.1 g per liter 


units, the 


Stripping 

As it is necessary that the copper concentration in 
the boiled solution be less than 0.005 g per liter, 
purification This is readily 
achieved by adding H,S in stoichiometric amount at 


further required 


solution temperatures of about 200°F. The final 
purified solution contains about 0.001 g per liter Cu 
If H.S is not available, a similar purification can be 


effected by heating the solution to about 300°F in 
the presence of fresh nickel pyr- 
rhotite. By a replacement mechanism, the copper is 
precipitated as sulphide 


concentrate or 


Application of Principles in Pilot Plant Control 

In the pilot plant leaching operation, the counter- 
current leach, boiling, copper removal, and copper 
stripping 
tinuous units 
conditions existing at a given time and in a given 
unit are necessarily different from those occurring 
at any time in a batch operation. The interpretation 


operations are all carried out in con- 


In such an operation the steady state 
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regulated by using different types of impellers 
iriven by variable speed motors 

boiling and copper removal stages, the 
lata are translated to continuous operation 
without difficulty 

rhe continuous boiling unit is operated to pro- 
iuce 15 pet aqua in the ammonia condenser, the 
flow being adjusted to the heat input into 
he evaporators. Water and steam are added to 
maintain a uniform liquid volume in order to pre- 
precipitation of nickel salts from a concen- 
ited solution 

The continuous copper precipitation unit is de- 
gned in such a way that the retention time is suffi 


cient to permit reducing the copper content of the 
ition to about 0.03 g per liter at F. As this 
a homogeneous reaction, the important factor is 


emperature and the time required can be regulated 
adjusting the temperature. The operation is 


eadily controlled 


ihe stripping reaction is controlled by feeding 
continuously a measured (stoichiometric) amount 
of HS to the reaction vessel. Temperature and agi- 
tation can be varied to regulate the retention tims 
necessary for complete removal of copper 
Summary 
In the ammonia pressure leaching process for ex- 
t ng nickel, cobalt, coppe and liphur from 
I nice minerals, the reaction in the leaching 
tage which are heterogeneous in character are suct 
that ygen dissolves in an ammoniacal leach liquor 
ind there reacts with the solid sulphides to give 
| uct nciludi nicke cobalt, and cop- 
‘ rye ilphate ilpt ate px t? nate 
and namate and } irated ferric 
The ate f leachir controlled by te perature 
NH, concentratior the leact iquor, oxygen pres- 
ire, and amount of agitation. Of these, tempera- 
ture and NH, concentration are the most important 
iithoug? 1dequate xyger ind agitation must be 
; led The leaching operatior is regulated to 
€ a pregnant liqu having a content of 
th iiphate and polythionate ufficient to react 
with the copper present in the subsequent boiling 
tage and to produce an iron oxide residue low in 
Le Ded Nick 
The pregnant liquo 15 pet 
aqua and t wer the u to the point 
where tl ilphate and pe 1wcomMyt e DY 
react wit? pper li- 
phide. In a second copper-re val stage tem- 
perature of the boiled solutior a ) er 
250°F © accelerate the lecompositior f th li- 
phate and to precipitate the coppe t U.U g pe 
te The copper is finally reduced to 0.001 per 
te Dd additior of a measured toichiometric 
if int fHS 
The final copper-free solution, containing about 
$5 me lite Ni. 0.8 @ pe liter Co. 0.001 4 lite 
Cu mn addition t ilphur as sulphate and iipha- 
mate in an amount of 50 to 90 g@ pe liter in suit- 
ible condition for the subsequent operations associ- 
ated with precipitation of nickel 
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Acid Pressure Leaching of Uranium Ores 


A new process is described for extracting uranium from ores containing sulphidic miner- 
als, which comprises treating an aqueous pulp of the ore with air or oxygen at elevated 
The acid required to dissolve the uranium is generated dur- 
ing the leach through oxidation of the sulphides. The chemistry of the process is discussed 
and laboratory results are presented to illustrate the operation of the method and the 
variables which control it. With most ores, lzaching at a temperature of 130°C and an 
oxygen partial pressure of 10 psi provides uranium extractions of 90 to 95 pct in 4 to 6 
hr. The acidity and level of dissolved impurities in the leach liquor can be kept fairly low 
The method is characterized by a number of advantageous features including low reagent 
cost, short retention times, and high recoveries. 


temperatures and pressures 


ECENTLY there have been developed several 
processes for extracting metal values from ore 

by pressure leaching techniques an example is the 
carbonate leaching process for uranium ores which 

F_ A. FORWARD, Member AIME, and J. HALPERN are Head and 
Assistant Professor, respectively, Dept. of Mining and Metallurgy, 
University of British Columbia, Vancouver, 8B. C., Cenada 

Discussion of this paper, TP 3905D, may be sent, 2 copies, to 
AIME by May 1, 1955. Manuscript, May 3, 1954. Pacific Northwest 
Metals and Minerals Conference, Portiond, April 1954. Chicago 
Meeting, February 1955 
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Leaching is car- 


xidation 


has been studied in this laboratory 
ried out under oxygen pre ire to ensuré 
of the uranium to hexavalent compounds which are 
soluble in carbonate solutions 

During the course of inve 
process, it was observed that 
as pyrite, usually were oxidized under the conditions 
of the leach treatment resulting in the formation of 


iron hydroxides and sodium sulphate, i.e 


2 FeS, 


tigations relating to this 


ilphide minerals ich 


7% O, + 8 Na,CO, + 7HO- 
2 Fe(OH), + 4 Na,SO, + 8 NaHCO, [1] 
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A similar reaction involving the oxidation of pyrite 
in sodium hydroxide solutions has recently been 
studied by Stenhouse and Armstrong.’ 

teaction 1 may be considered as taking place in 


two steps represented by the following equations 


2 FeS, + 7% O, HO 
2Fe(OH), + 4HSO, [2] 


4 H,SO, + 8 Na,CO, ~ 4 Na,SO, + 8 NaHCO, [3] 


ihe reagent consumption resulting from these re- 


act ft enders carbonate leaching uneconormi- 
al for the treatment of high iiphide uranium ore 
» been found that such ores are sometimes 
lifficult to treat by conventional acid leaching be- 
exces ‘ reagent cor t r por re- 
" ount pu Lies GISSOlVE j 
The proce described in this paper is designed to 
‘ these lifficulti« i p! le ‘ 
ethod for extracting uranium from 
tased nm tne at ind con- 
tiineda pre j t iavantage 
re ng to ‘ the a i re ed 
each the ore with water to which no acid or other 
‘ eage have been added 
et treat aqueous pulp 
‘ we ted ten pe 
t ‘ ‘ The le r the ire 
lance w Eq. 2 t! igi mila 
‘ ind he it thu naereda ffi- 
itta e the ira 
‘ I if ted er ‘ 
‘ ‘ ire er t it eacnir 
it ete he 
itor act Dit tain the acia 
ti¢ erie WwW ‘ 
‘ } he at t 
iit ‘ eft ‘ f 4 et 
ura inging n On t 0 60 
Je 
we 


Fig. |—Course of typicel leeching experiment. Grind, 65 pct 
200 mesh; pulp density, 50 pct solids; temperoture, 130°C; and 
©. pressure, 10 psi 
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Fig. eaching- z 
rate curves at dif 
ferent tempero 
tures. O, pressure, 
10 ps: Tomperetere 


pet U,O, and in sulphur content from 1 to 13 pct; 
the ores varied widely in origin and mineral con- 
stitution. Some typical results, illustrating the ap- 
plication of the method to recovering uranium from 
one of these ores, are presented in this paper 


Experimental 

Materials: The ore used in these tests had the fol- 
lowing composition: U,O,, 0.17 pct; Fe, 3.8 pct; S, 
4.4 pet; Al,O,, 1.3 pct; CaO, 0.1 pet; MgO, a trace 
and SiO,, 89.0 pct. The uranium was present chiefly 
as finely disseminated pitchblende or uraninite 
Pyrite, together with a small amount of pyrrhotite, 
accounted for most of the iron and sulphur 

The leaching tests were made using distilled water 
and compressed oxygen of commercial grade. All 
chemical reagents were chemically pure grade 

Procedures: The leaching tests were conducted in 
an autoclave, measuring 7 in. ID by 11 in. in height, 
ind constructed entirely of No. 316 stainless steel 
The autoclave was heated externally with a gas 
burner, the temperature being regulated by a 
Wheelco thermocouple controller. A thermocouple 
well, cooling coil, sampling tube, and externally 
iriven impeller shaft were sealed through the 
bolted lid. The impeller had three pitched blades of 
1.5 in. radius and was rotated at 550 rpm 

The charge generally consisted of 2000 g of water 
and 2000 g of ore, rod milled to a desired screen 
size (usually 65 pet —200 mesh). It was heated in 
the autoclave to a given temperature and main- 
tained, with continuous stirring, under a desired 
partial pressure of oxygen. The ore and solution 
were sampled periodically and analyzed. Uranium 
extractions were calculated in all cases from tailings 
analyses 

Uranium determinations were made fluorimetric- 
ally’ using a Massachusetts Institute of Technology 
Model III Fluorimeter. pH measurements were made 
with a Beckman Mode! H2 pH Meter. Other deter- 
minations were by standard analytical methods 


Results and Discussion 

Course of a Typical Leach: Fig. 1 depicts the 
course of a typical leaching experiment made under 
the following conditions: grind, 65. pct —200 mesh: 
pulp density, 50 pct solids; temperature, 130°C 
O, pressure, 10 psi; and total pressure, 35 psig 

These conditions were found to result in rapid 
oxidation of the sulphides so that the pH of the 
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solution was lowered to a value of 1.0, and 16 g per 
liter of SO, ~ was dissolved in about 6 hr. During 
this period, about 95 pct of the uranium in the ore 
was leached. The final composition of the leach solu- 
tion was: U,O,, 1.6 g per liter; Fe, 3.0 g per liter; 
Al, 1.0 g per liter; SiO,, 0.8 g per liter; and SO, 
16 g per liter 

The leaching behavior of the other ores which 
were tested was similar and, in each case, compar- 
able extractions were obtained under the sare con- 
ditions. 

Chemistry of the Leach Process: In addition to 
the reaction represented by Eq. 2, reactions of the 
following type probably enter into the oxidation of 
the pyrite during the leach 


FeS, + 3% O, + H.O~> FeSO, + HSO, [4] 


2 FeS, + 7% O, + H,O > Fe,(SO,), + HSO, [5] 
Fe,(SO,), + (3 + x2) 


Fe,0O,-xH.O + 3H,SO, [6] 


Fe,(SO,), + (2 + 2x)HO-> 
2 Fe(OH)SO,-rH.O + H.SO, [7] 


and so forth. All these reactions yield sulphuric 
acid; some also result in the formation and dissolu- 
tion of iron salts. Nearly all the iron in solution was 
in the form of ferrous sulphate. Apparently any 
ferric salts which are formed are hydrolyzed in 
accordance with Eqs. 6 and 7 and precipitated as 
hydrated ferric oxides or basic ferric sulphates. This 
is to be expected in view of relatively high tempera- 
tures and low acidity of the leach solutions 

Elemental sulphur and other 
such as pyrrhotite can be oxidized in a similar man- 
ner and also yield sulphuric acid under the condi- 
tions of this leach treatment, i.e 


sulphide minerals 


S +1% 0, + H,SO, [8] 
2 FeS + 4% O, + (x + 2)H,O-> 
Fe,O, xH,O 2H,SO,. [9] 
Most uranium minerals are readily attacked and 
dissolved by the acid solutions thus generated. In 
of pitchblende or uraninite, the leaching 
reaction 1s 


the case 


+ O, 3 H,SO, ~ 3 UO,SO, 3H,O. [10] 


Other uranium minerals react in a similar manne! 
and also dissolve as urany] sulphate. These reactions 
are favored by the high temperatures and oxygen 
pressures which are used, permitting shorter 
tion times to be employed and higher recoveries to 
be obtained than is often possible with conventional 
acid leaching 

The dissolution of small amounts of aluminum, 
magnesium, and silica which is sometimes observed 
can be attributed to the reactions 


reten- 


ALO, + 3 H,SO, + Al,(SO,),+3HO [11] 


MgO + H,SO, ~ MgSO, + H.O [12] 


SiO, + H.O ~ H,SiO,. [13] 
Other metals in the ore, which form soluble sul- 
phates and which are not readily hydrolyzed, also 
might be expected to dissolve 

Leaching Variables: 1—Grind—While the leach- 
ing rate generally increased with the fineness of 
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Fig. 3—Relation between temperature and retention time 0, 
pressure, 10 psi. 


grind, a grind of 50 to 60 pct —200 mesh was found 
to be satisfactory with most ores and to yield opti- 
mum recoveries of 90 to 95 pet U,O, with fairly short 
retention times 
2—Pulp Density 
or in the ratio of the concentrations of di 
impurities to that of uranium, were observed when 
varied from 20 to 65 pct solids 
to be 


No changes in the leaching rate 
olved 


the pulp density wa 
A pulp density of about 65 pct solids appears 
practical and advantageous 

3—-Temperature 
the most critical variable affecting 
and recoveries. This is illustrated in Figs. 2 and 
which show that the leaching rate doubles and the 
required to achieve a given extrac- 


found to be 
rate 


Temperature was 


leaching 


retention time 
tion is correspondingly reduced with every rise in 
to 15°C 


operate at temperature of 130 to 


temperature of 10 Thus it would appear 
desirable to 
140°C, 
achieve 
oxidation of the 
ially impracticably slow 


where 4 to 6 hr are generally required to 
recoveries of 95 pct U,O Below 120°C 
ulphides and leaching of uranium 
are us 

4—Oxygen Pressure—As 


acid was generated and no uranium di 


would be expected, no 
olved in the 


absence of oxygen. On introducing oxygen, the 
leaching rate was found to increase with the oxygen 
partial pressure up to partial pressure if about 10 
to 15 psi; further increases in the oxygen partial 
pressure had little effect. Th is shown in Fig. 4 
The optimum partial pressure of oxygen thus would 
appear to be about 10 psi, corresponding to 50 psi of 
compressed air. At 130°C the vapor pre ire of the 
solution is about 25 psig. Total operating pressures 


would thus be about 35 psig if 


psig if air is used 

Recycling: It was found that the 
could be recycled, if desired, to increase the concen- 
tration of U,O, up to 4 to 5 g per liter or 
Leaching was usually considerably more rapid in 
the second cycle than in the first, presumably be- 
cause of the acid already present in the solution 
At the same time, it was found that the amount of 


oxy get used or 75 


leach solutions 
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Conclusions 
A new process has been described for extracting 
i ranium from ores containing sulphidic minerals 
This process, which has been developed and tested 
na laboratory scale, comprises treating an aqueous 
pulp of the ore with air or oxygen at elevated tem- 
peratures and pressures. The acid necessary to dis- 
’ solve the uranium is generated during the leach by 
lation of the sulphides. This makes it possible to 
water to which no acid or other 


each the ore 
’ leaching reagents have been added. The sulphur or 
ilphidic compounds used to generate the acid may 
be present originally in the ore, or they can be 
idded. In this way, the process can be applied to 
rm t uranium ores 
Laboratory results have been presented which 
j llustrate the application of the process and the 
hemical reactions and variables which control it 
With most ores the following leaching conditions 
appear to be optimum: grind, 50 to 65 pct —200 
mesh; pulp density, 65 pct solids; temperature, 
130°C; and O, partial pressure, 10 psi. Under these 
nditions, uranium extractions of 90 to 95 pct were 
7 2 Z btained with all the ores examined, including one 
which gave recoveries of only 50 to 60 pct by 
- conventional acid or carbonate leaching. Retention 
Fig. 4—Leoching rote curves at various oxygen pressures. Tempero time vf 4 to 6 hr were usually adequate 
ture, 130°C Among the advantages which appear to be asso- 
ited with this porcess, are the following: 
es d ved in the sec- 1—-No reagents other than compressed air or oxy- 
Consequent en are required in the leach 
‘ a I ned 2—-The retention times are usually much shorter 
the tior han with conventional methods. The resulting re- 
, ‘ in juctior n the size of leaching vessels serves to 
hese leact expe ent n compensate for the use of higher temperatures and 
{ pre 
‘ ‘ Higher uranium extractions are often obtained 
; and the gen partial th by conventional leaching methods 
e of an 4+——-The acidity and level of dissolved impurities 
mn the leach liquors can be kept fairly low. This 
er facilitates recovery of the final uranium product 
due It is suggested that the method can be applied 
et wn that . with particular advantage to recovering uranium 
' pressurs 1—from ores whose sulphide content is so high that 
exce ve reagent consumption is entailed in using 
ther methods, and 2—-from ores containing refrac- 


iranium minerals where recoveries by other 


me methods are often unsatisfactory 
4 
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Preparation and Arc Melting of High Purity Iron 


A method is described for purifying iron in batches of 150 Ib or more. Oxygen, 
carbon, nitrogen, and sulphur are removed from flakes of electrolytic iron by treat- 
ment in wet and then dry hydrogen. A special consumable-electrode arc furnace is 
used to remove hydrogen and to melt the flakes into ingots. 


LTHOUGH iron and steel have been made and which could be replenished from time to time as the 
used for hundreds of years, there are still wide stock became depleted 
gaps in the knowledge of these metals. One reason Of several possible purification methods, heating 
for this is that the true properties of the base metal, in hydrogen was selected as the most promising for 
iron, are not well known, simply because really the removal of both carbon and oxygen from solid 
pure iron has never been readily available for re- iron. Metallic impurities are not removed by hydro- 
search purposes gen. Electrolytic iron was chosen as a starting ma 
Commercial iron, and even the “pure” irons erial because it is the most readily available form 
which are readily available, are really complex of iron low in metallic impurities 
alloys of iron with oxygen, nitrogen, hydrogen Decarburization and desulphurization were ob- 
carbon, sulphur, silicon, and other elements. With tained by annealing in wet hydrogen at relatively 
such materials, it has not been possible to prepare low temperatures. The optimum temperature, as 
steels and other iron-base alloys in which all ele- found by previous investigators, is about 1400°F 
ments are present in exactly controlled amounts. It This treatment also removes nitrogen 
is an almost impossible task to determine the sep- Deoxidation is favored by dry hydrogen and 
arate effects of each element or the intereffects of higher temperature. There is evidence from pre- 
several elements unless alloys can be prepared con- vious work that an anneal at 2200°F in dry hydro 
taining only the desired elements gen will deoxidize the iron, reduce the nitrogen con- 
The ability to make controlled alloys of low tent, and reduce the sulphur content 
impurity content is of far more than academic in- These facts suggested the use of a two-stage proc- 
terest. It will assist in the study of such practical ess: treatment in wet hydrogen followed by treat 
problems as the brittle failure of ship hulls or high ment in dry hydrogen 
pressure gas pipelines, determination of the factors To carry out the purification process in a reason- 
h affect the dee; -drawing properties of steels able time, it was necessary that the iron be in thin 
improvement of magnetic and electrical prop- piece Flakes of electrolytic iron were used. Be 
erties, the phenomenon of aging, and many others cause most research requires that the iron be in 
In 1949, the American Iron and Steel Institute massive form, it was necessary to melt the purified 
asked Battelle Memorial Institute to prepare high iron to consolidate it into large piece For tt 
purity iron on a larger scale than had been at- work, it was decided to prepare ingots weighing at 
tempted up to that time. The work was directed least 15 lb by using a cold hearth arc-melting proc- 
toward the preparation of iron as low as possible in ess in which the iron was melted u in inert at 
carbon, oxygen, nitrogen, hydrogen, and sulphu mosphere of argon or helium. This method of melt 
because these are the contaminating elements of ing was selected because the water-cooled copp 
major interest in many research investigations on crucible is not wet by the iron and does not contar 
iron-base alloys. The initial goal was to prepare inate it as a refractory crucible would. Because the 
iron with not more than a few thousandths of one crucible is also the ingot mold, contan t { 
percent of each of these impurities. The purpose was mold materials was also eliminated. Cont natior 
to set up a “bank” of high purity iron on which re- from electrodes was avoided by making the 
searchers could draw when a supply was needed and purified electrolytic iron. The melting | edurt 


finally developed was an adaptatior f the Kellogs 


G. W. P. RENGSTORFF and H. 8. GOODWIN, Members AIME, : 
electric ingot process 


ore Assistant Chief, Process Metallurgy Research, and Consulting 


Metallurgist, respectively, Bottelle Memorial Institute, Columbus. Two batches of purified iron weighing about 100 

Ohio lb each in ingot form were prepared with analyse 
Discussion of this paper, TP 3854DE, may be sent, 2 copies, to as shown in Table I 

AIME by Mey 1, 1955. Manuscript, Apr. 12, 1954. Chicago The remainder of this paper describes the pr 

Meeting, November 1954. Chicago Meeting, February 1955 cedures in more detail. In general, the process con 
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Table |. Carbon, Oxygen, Nitrogen, and Hydrogen 
Analyses of Ingots 


Analysis, Pet 


Oxygen’ Nitregen* Hydregen* Carben’ 


Ingets Purified in Let it 


A9854 0022 6 0002 © 00002 6 003 
A 9855 0 0024 0 0001 0.00001 0 005 
98 o61** 0 00009 0.000016 © 004 
0 0086 0 00007 0 000053 
.9A58 0 002 0 0004 0 00002 0.006 
) 0049°* © 00007 000026 0 004 
B2 028 0 00009 0.000019 0 004 
Ingets Purified in Lett 
19259 T 0.0002 © 90002 0.005 
B254 10 00009 0 000025 0.004 
B2 23 0 00009 0.000025 0 004 
B2 0 90008 0.000019 0.007 
0 00008 0 000027 0 005 
0.0012 0 00008 0 000016 Cc 003 
5 ) 0016 0 0003 0 0001 0 005 
‘oO ge nitroger snd hydrogen analyses were made by the 
ethod 
es were by a combustion method. Products 
ere easured t conductometric method 
e ingot is t was spoiled, so it was not analyzed 
** These gots were pperently contaminated with water vapor 
os were je on these ingots as cast. All other analyses 
P de : wt h hed been forged and annealed 
Fist ted ‘ : se besed on sensitivity of the appa- 
« ‘ ked 0010 (1 ppr ngots marked 
ngots marked 00005 05 ppm 
ked +0.00020 (2 por ingots marked 6b 
gots arked 0.00008 (08 ppr Hy- 
000026 02 ppr ngotse marked 
r i ingots marked +0 000006 9.06 ppm 
eat ted «a ira sre due to the vaecuum-fusion 
g flerent times with several pieces of equip- 


Electrolytic-iron plate for the inner annealing 


tube was rolled from a 500 Ib ingot to a thickness 
if ™% in.* Considerable trouble was encountered 
et Universal-Cyclops Steel C Bridgeville 


t the Pearson Manufacturing Co. Pitts- 


if the electrolytic plate while form- 
t into a tube.+ This problem was partially 


high ir xyegen and low in carbon and 
be brittle is in good agreement with the findings 


solved by normalizing the plate at 1500°F before 


forming. The inner tube was fabricated as two sec- 
tior each 7 1/3 in. ID and 45 in. long. The two 


tior were welded together into a 90 in. tube, a 
welded to one end, and a bottom plate to 
the other. Heliare welding was used with electro- 
lytic iron as a filler. The tube was made as gas 
tight as possible 
The outer jacket. a 10 in. grade A seamless steel 
pipe with % in. walls, protected the inner tube from 
irnace gases. Although it was sprayed with alumi- 
num to reduce oxidation, it oxidized so severely 
that it had to be replaced after each run 

The entire annealing tube assembly was arranged 
so that it could be evacuated before filling with hy- 
jrogen. Also, it could be flooded with argon as a 


safety measure 


Treatment in Wet Hydrogen 

The assembled annealing tubes containing elec- 
trod were placed in a gas-fired semimuffle fur- 
hown in Fig. 4, connected to a system for 
continuously supplying hydrogen, and the furnace 
heated to 1400°F 

In the first run, tank hydrogen was introduced 
directly into the annealing assembly. There was 
enough oxygen in the iron to produce wet hydrogen 
for 6 hr, the length of the wet hydrogen treatment 
in the first run. In the second run, the 1400°F an- 
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Fig. 3—Schematic diagram of the purification tube assembly 


neal in wet hydrogen was continued for 32 hr. To 
do this, the hydrogen was saturated by bubbling it 
through water at 160°F. Arrangements were made 
to prevent condensation of the water in the lines to 
the annealing assembly. There is not yet any clear- 
cut evidence that the 32 hr treatment was any more 
effective than the 6 hr treatment. A still longer an- 
neal in wet hydrogen, however, might be beneficial 


Treatment in Dry Hydrogen 

After the wet hydrogen treatment, the furnac« 
temperature was raised rapidly from 1400" to 
2100°F and then slowly from 2100° to 2300°F. The 
temperature in the tube was usually about 50°F 
lower than that of the furnace. Dry purified hydro- 
gen was flowed through the annealing assembly 
until the dew point of the exit gas dropped to about 

30°F for the first run and —38°F for the second 
run. Times for the dry hydrogen treatment were 
51 and 65 hr, respectively 

Although several complicated systems were used 
for the purification of hydrogen in early experi- 
ments, it was found that the most satisfactory re- 
sults were obtained by simply passing the gas 
through hot titanium turnings or sponge. Systems 
which did not include hot titanium as one step were 
all unsatisfactory; they did not remove hydrocar- 
bons from the tank hydrogen. These hydrocarbons 
caused contamination of the iron by carbon 

For the first run, titanium sponge was heated 
continuously at 1600°F, the sponge packed, and the 
hydrogen channelled through it. For the second 
run, thin layers of sponge were alternated with thin 
layers of machined titanium turnings. The layered 
titanium mixture was heated to 1500°F, soon raised 
to 1550°F, held there for most of the run, and then 
gradually raised to 1700°F shortly before the end 
This procedure gave very satisfactory results 


Although details are not shown in Fig. 5, the 


hydrogen system included valving so that either wet 


WET HYDROGEN 
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J 
1400'F 


Fig. 4—Annealing setup for wet hydrogen 
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Tahle Il eommnarec the nonmetallic imnurity con. 


hydrogen or dry hydrogen could be furnished to the 
annealing tube. The system also permitted argon 
to be flowed into the annealing tube when desired 
and included a vacuum pump to evacuate the tube. 
Suitable traps were provided along with flow 
meters, dew-point meter, and a cone to burn the 
exit hydrogen. All tubing leading to the annealing 
furnace was copper and connected with flared fit- 
tings. The system was checked periodically to be 
sure that it remained gas tight 

At the end of the first run, a hole developed in 


“the jacket of the annealing tube so the system was 


flooded with argon and cooled. The second batch 
was cooled in dry hydrogen to 1100°F, then in argon 
to room temperature 


Arc Melting the Purified Electrodes Into Ingots 

The hollow electrodes filled with loose flakes in- 
troduced a problem not encountered with solid con- 
Because electrical contact be- 
practically all of the 


sumable electrodes 
tween the flakes was poor, 
current was conducted by the thin iron tube which 
became heated by resistance and tended to melt 
high above the arc. To avoid this, the current had 
to be introduced into the electrode as close to the 
arc as possible. Because the electrode had to move 
it melted, a movable contact was re- 
have 


downward as 
quired. Sliding or rolling contacts, however 
a tendency to arc at the high currents required, 
especially on surfaces as rough as these electrodes 
Arcing between the electrode and the contact welds 
the electrode to the contact or contaminates the high 
purity electrode with metal from the contact 

A new contact in which the electrode was gripped 
alternately by two sets of jaws was the solution to 
the problem. One set of jaws is movable and con- 
nected to the electrical source by a short link of 
The electrode feeds down with the 
movable jaws When the end 
of the travel of the jaws is reached, the electrode i 
gripped by a set of fixed jaws while the movable 
jaws loosen and move upward to get a new grip on 
the electrode Each set of jaws grips before the 
other lets go so there is no break in the flow of 


flexible cable 
firmly clamped to it 


current 

The electrode clamp is shown in Fig. 6. An ar- 
rangement of a weight and lever exerts pressuré 
on a wheel which forces the electrode against fixed 
and movable sho The electrode is held tightly 
between the moving shoe and pressure wheel while 
driving the electrode downward This 
from outside the 


the shoe 
shoe is actuated by a cam driven 
furnace. When the jaw has reached its maximum 
downward stroke, the cam moves the jaw back out 


DRY HYDROGEN 
REMOVES OXYGEN 


Fig. 5—Setup for annealing with dry hydrogen 
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Meanwhile, the 


between the fixed shoe and 


of the way for its upward stroke 


electrode is held tight 


lightly 
the pre ire wheel. At the top of the stroke, the 
noving iw again takes over to give the electrode 
inother short downward movement 
Fig. 7 shows the arrangement of the furnace for 
melting the electrodes. The water-cooled base plate 
for the first ingots was copper brazed to steel. Afte 
the t ze cracked because of a difference in thermal! 
ex par n of the twce metals, the base plate was 
Table Nonmetallic Impurities in High Purity tron 
trom Several Sources 
Iren Porified in 
This Werk 
Metals National! Ingeot Ingeot 
Plectre Cerp. trea Physical Bint 
tow ytie* Perre tabera Piret second 
purity Irer vec tery Iren Bateb Batch 
0.001 
on 0009 
0006 0025 
‘ 01 001 
Pia Metals D 
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Fe R were 
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Fig. 6—Electrode drive mechanism and electrical contact 
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made entirely of steel. The sides of the crucible 
were water-cooled copper 

The furnace was evacuated and flushed with 
argon twice before starting each melt. An atmos- 
phere of high purity tank argon was maintained in 
the furnace during melting 

To start melting, an arc was struck between the 
electrode and a pile of purified iron flakes at the 
bottom of the crucible. Thereafter, the arc poten- 
tial was maintained at 35 to 55 v with an arc cur- 
rent from 700 to 1000 amp. Direct current was used 
with the electrode negative and the melt positive 
so that most of the heat would enter the melt. The 
melting rate was about 2 lb per min. The ingots 
had a maximum diameter of 5% in. at the bottom 
with a taper of \% in. diam per in. of height. They 
weighed from 15 to 21 Ib 


Fabrication of Ingots 
In order to prepare stock of useful size, most of 
the ingots were forged at 1400°F into bars 3% in. sq 
The forged bars were annealed by heating to 1750°F 
for a few minutes and slowly cooling to eliminate 
the hardening caused by low temperature forging 
For this anneal, several bars were packed into a 
gas-tight tube filled with argon and containing 
titanium turnings as a “getter.” The BHN of as- 
cast ingots and annealed bars ranged from 46 to 50 
as measured with a 500 kg load 

The surfaces of the annealed bars were ma- 
chined to 3x3 in. and slabs cut off to make final 
specimens about % in. thick. The 
ground and 
polished to re- 
move result- 
ing from grinding. The polishing 
was carried out in such a manner 
that no hydrogen was introduced, 
but the surfaces were discolored 
Buffing was followed by electro- 
after which the 
ples were covered with 

and stored 


siabs were surtace 
electrolytically 


imbedded material 


lytic cleaning 
bright san 
a strippable lacquer 


Discussion of Results 

Table I lists the chemical com- 
position of the ingots prepared in 
the two batches. Some of the anal- 
yses were made on as-cast ingots, 
others on ingots which had been 
forged and annealed. The analyses 
are quite consistent except for two 
ingots which were contaminated 


by a water leak in the arc-melt- 


ng furnace 
A special sampling technique 
was used for carbon analyses 
Turnings gave occasional erratic 


values even when they were pre- 


pared with considerable care 
Analyses, therefore, were made on 
1 g cubes cut from the iron with 
a hacksaw, smoothed with a file, 
and cleaned in a warm 30 to 50 
pet solution of HC! until the sur- 
faces became dull. The cubes were 
then washed thoroughly and 
dried. The HCl] treatment gen- 

} 


il nr 


era required more 
because high purity iron dissolves 


slowly 
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Table II compares the nonmetallic impurity con- 
tent of iron produced in this work with high purity 
iron from several other sources. Of special interest 
are the low oxygen and nitrogen contents of this iron 

Table III shows the metallic impurities found in 
each of the two batches. Analyses of normal elec- 
trolytic iron and of several other high purity irons 
are listed for comparison 

As stated previously, the purification process de- 
scribed here is not capable of removing metallic 
impurities even though it is very effective on non- 


metallic impurities. There are, however, several 
methods for removing metallic impurities. Some of 
these, like the nitrate process of the Bureau of 
Standards,** produce electrolytic iron as an inter- 


mediate step before the nonmetallic impuriti 
removed. Such processes could well be 
with the hydrogen-reduction process 
here to produce iron of very high purity on a larg 
scale. The ether-separation process, also developed 
at the Bureau of Standards,’ has produced iron of 
extremely high purity (probably the ver 


Ss are 


combined 


desc I ibed 


purest ¢ 


made with regard to metallic contaminants). Thi 
process also might well be a desirable means for 
preparing iron low in metallic impurities to serve 


as starting material for the present process 
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Discussion of this paper, if any, will appear in 


JOURNAL OF METALS, November 1955, and in AIME 
Metals Branch Transactions, Vol. 203, 1955 
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Fig. 7—Arc turnace for melting purified consumable electrodes 
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Table Ill. Metallic 


Impurities in High Purity Iron from Several Sources 


Vacuum* National Iron Purified in this Work 
Metals Corp. Physical Electre 
Iren Laberatery lytic! Inget Ingot 
im perity Ferrevac E Iren Iren First Bateh Second Batch 
Alu n 0.001 max 0.002 or less 0 002 0.003 0 002 
Antimony 0.001 
t ted 
Arsen 0.0005 max N 0.0 01 
Beryllius 
te | etected 
Boron -- 100 
Caicitum - 
Cadmium -- -- 
ted te 
Chromium 0.001 max 0.002 or less 002 
Cobalt 0.001 max . 0 007 2 " 
Copper 0.001 max 0.007 or les 0 008 Py 
Gallium -- 0.0 
jetected 
Lead 0.001 max - NU , 
Magnesium 0002 2 
langanese 0.001 max 0.008 or leas 0 002 0 0008 , 
Mercur N 
Molybdenum - 0 002 
Nickel! 0.015 max 007 or less 0.008 
Phosphorus 0.001 max oO om ess 0.005 f 6 
Silicor 0.01 max if r less 0 005 | 
Tin 0.001 max 0 005 Ls 
Tungsten 
not de ted 
Vanadium 0.003 0 0004 
* The analyses are from « technica! data sheet of the Vacuum Me Cory undated. but distributed Dec ber 19 
* The analyses are from ref. 3 
t Typical analysis, according to the vendor, Plastic Metals Dis Natio Radiator Cx data dated Jar ‘ y" 
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A Thermodynamic Study 


Fuming of Zinc from Lead Blast Furnace Slag 


Turner, and E. Peters 


Zinc oxide activities in a typical lead blast furnace slag have been calculated 
from plant operating dota. These activities were used to assess the probable effect 
of fuel composition, oxygen enrichment, and air preheating on the efficiency and 


capacity of the slag-fuming operation. 
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proached from a thermodynamic point of view. 
has published an excellent thermodynamic 
treatment of zinc smelting.” The important thermo- 
dynamic properties of zinc and its compounds have 
been determined and checked by other investiga- 
tors.. However, to the best of the authors’ knowl- 
no thermodynamic treatment of the fuming of 
zinc from slag has been published 

A thermodynamic study of any process requires 
that the essential chemistry of that process be 
known. In slag fuming there appear to be some 
lifferences of opinion as to whether the active re- 


edge 


jucing agent is elemental carbon or carbon monox- 
ide. Furthermore, some observers have noted that 
high volatile coals appear to be more efficient than 
low volatile coals, indicating that hydrogen is also 
an important factor in the reducing efficiency of a 
fuel. That both hydrogen and carbon monoxide are 
effective reducing agents for the zinc oxide content 

blast furnace slags can be demonstrated 
readily by introducing these gases into a slag bath 
held in a neutral vessel at 2100°F (1150°C). Elemen- 
tal carbon also will reduce zinc oxide, but it is im- 
probable that much free carbon is available for re- 
duction of zinc, as the reaction between the finely 
powdered coal and air should be largely completed 


before the solid coal particles reach the slag. Some 


f lead 


drocarbons have been carried out by other investi- 
gators, but, as far as is known, these have not been 
developed yet into operating processes 

The thermodynamic treatment in this paper is 
based on the following reactions: 1—to supply the 
thermal! requirements 


C+ %0O,~CO [1] 
Cc + CO, [2] 
H, + % H,O [3] 
and 2—to reduce ZnO 
ZnO + CO=Zn + CO, [4] 
ZnO + H,= Zn + H,O [5] 


The furnace-gas composition also is controlled by 
the equilibrium constant of the familiar water-gas 
reaction 

H,O + CO=CO, + H, [6] 

In order for the thermodynamic calculations to 
be quantitatively applicable, it is necessary that the 
chemical reactions to which they are being applied 


TRANSACTIONS AIME 


} 
4 fe cal che t of zinc fuming has been 
ex ed with three objective n mind: 1 to 
ed favorabDle Casing furnace 
i Z—to predict the changes required to 
‘ 


approach equilibrium. In the case being considered, 
it is necessary that the gas mixture leaving the slag 
bath be in equilibrium with the ZnO content of the 
slag. Evidence will be presented that equilibrium 
is attained or approached closely in the standard 
slag-fuming furnace. Elemental carbon reaching 
the slag in the vicinity of the tuyeres will reduce 
zinc by the reaction 


ZnO +C=CO + Zn [7] 


However, if equilibrium is reached by the time the 
gases leave the slag surface, this intermediate re- 
action should be of little importance to the overall 
result. 

In addition to the main reactions involving the 
reduction of the oxidized zinc content of the Fe-Zn- 
Ca silicate slag to zinc metal by carbon monoxide 
and hydrogen, a number of less important reactions 
occur simultaneously. Lead is believed to be largely 
volatilized as the sulphide, and a small amount of 
zine also may be assumed to leave the slag in this 
form. A variety of minor metais are fumed out also 
but there is little direct evidence of the form in 
which they are removed. It is known, however, that 
most of the minor elements associated with lead 
and zinc have appreciable vapor pressures in the 
temperature range 2100° to 2300°F either as the 
metal or the sulphide. The major components of the 
slag, lime, iron, silica, alumina, and sulphur, are 
known to affect the rate at which zinc is fumed 

An important feature of the slag-fuming process 
is the use of the fuel both as a source of heat and as 
a chemical reducing agent. Carbon and hydrogen 
compete for oxygen from both zinc oxide and the 
air, reactions 4 and 5 absorbing heat and reactions 
1, 2, and 3 evolving heat. The active reducing agent 
is that part of the CO and H, remaining after the 
heat requirements have been met. If the de mands 
upon the heat requirements could be lessened by 
enriching the air blast with oxygen or by preheat- 
ing the air, more CO and H, would be available for 
reduction. The use of oxygen-enriched air at the 
Trail slag-fuming plant a few years ago provided 
some experimental data with which these calcula- 
tions can be compared 

In summary, the detailed objectives of this study 
are then: 1—to examine the effect of varying the 
C-H ratio of the fuel over a wide range, upon the 
probable efficiency of the process in terms of weight 
of zinc fumed per unit weight of fuel, and also the 
effect upon furnace capacity; and 2—to explore the 
conflicting requirements of using the fuel both as a 
reducing agent and as a source of heat 


Zinc Oxide Activity in Lead Blast Furnace Slags 

In order to calculate the effect of changes in fuel 
and other process and operationa! conditions, it was 
necessary to know the equilibrium constants of re- 
actions 4. 5, and 6 in the required temperature range 
and the zinc oxide activities in the slag-composition 
range used in the slag-fuming process. The equilib- 
rium constants were available, but the zinc oxide- 
activity data were not. It was decided to calculate 
zine oxide activities from carefully controlled zinc- 
elimination runs made in the No. 2 slag-fuming 
furnace of the Trail Smelter. The method of treat- 
ing the data follows 

The process is started with one unit of fuel which 
is defined as the amount of fuel that requires 1 Ib 
mol of oxygen (32 lb O,) for complete combustion 
At this stage, the fuels will be treated as though 
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they contained only carbon and hydrogen. If the 
fuel contains (a) mol of carbon per unit, the hydro- 
gen content will be 2(1—a) mol. Let the coal-ai 
mixture be such that the oxygen input is (b) mol, 
and the nitrogen input associated with the oxygen 
is N mol. For air, N/b = 0.79/0.21. This ratio would 
be decreased by enriching the air with oxygen 

The gas mixture passing through the slag will 
consist essentially of six components, Zn, N,, H,, 
H,O, CO, and CO, The following symbols are used 
to represent the molar quantity of each gas per unit 
of fuel at equilibrium: Zn s N, H, 2 
H,O = 2(l—a)-—z, CO y, CO,=a-—y, and the 
total = M=2-—-a+N+2z 

To solve for the unknowns, three equations are 
required. The first equation represents an oxygen 
balance. All the oxygen entering the tuyeres is con- 
verted to H,O, CO, and CO, In addition, some of 
the oxygen found in these gases originated as ZnO 


in the slag. The oxygen balance is 


u 
b+— — += + (a-y) 


2 2 2 
which simplifies to 
x+y+z= [8] 


A second equation can be obtained from the equi- 
librium of reaction 4 


CO + ZnO = CO, + Zn 
Poo,+ Pas 
Ky, 
Poo- Aum 
where P represents the partial pressure of the gas- 
eous components, A, the activity of ZnO in the 
slag, and K, the equilibrium constant of this reac- 
tion. To convert the unknowns from the units of 
mol per unit of fuel to partial pressures, the total 
number of mols must be divided by M 
(a—y/M)-z/M 
K, 
u/M - Ago 
Therefore, 
(a—y)z 
(9) 


y(2—a+N-+z) 


Awo*K, 


The third equation may be based upon reaction 5 
or 6. The latter was chosen because its equilibrium 
constants were available in the required tempera- 


ture range. 


P Pu (a—y)=x 
K, [10] 
Poo: P y(2(1—a)—zx) 
The equilibrium constants K, and K, have been 
obtained from published data’ and are plotted as 
functions of temperature in Fig. | 
Zinc-elimination curves were 
yses of slag samples taken from ths lag-fuming 
ng the blow. These 


drawn fron 


furnace at 10 min intervals duri 
curves were differentiated graphically 
stantaneous zinc-fuming rates from which the value 
of z was calculated The other unknowr 
tained by solving the oxygen-balance Eq. 8 and the 
water-gas equilibrium Eq. 10. Using these values, 
the zinc oxide activity was ther 
Eq. 9. This procedure was followed for three blow 
of different-size charges, all having a similar cher 
cal composition. Slag charge size and composition 
are shown in Table I 

The resulting zinc oxide activites are shown as a 


in 


were ob- 


alculated from 
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Table |. Date on Experimental Slag-Fuming Runs 


‘ Apprexi 
mate 
Charge, Depth of 
~ Tens Slag. In Pb Za cad AlO, Fe 
6 20 19 15.2 9.0 22.5 64 286 
is 9 22.6 6.0 28.7 
2. | 64 +0 8 16.2 y 20.3 5.1 286 
} 
> <— as zinc, carbon monoxide, and hydrogen in the gas 
<p | phase may be calculated by simultaneous solution 
fo, | yf the Eqs. &, 9, and 10. The nitrogen in the mixture 
2 ~ i »btainable from the air-blast rate, and the carbon 
or ; i lioxide and water concentrations follow from a C-H 
material balance rhe gas composition was deter- 
4 Se } mined for a range of fuel-air ratios corresponding 
with combustions of 50 to 100 pct. The percentage of 
combustion is a measure of the amount of oxygen 
— supplied per unit of fuel, 100 pct combustion indi- 


cating that a stoichiometric amount of oxygen is 
Fig. 1—Equilibrium constants as a function of temperature provided for complete combustion of the fuel to car- 


bon dioxide and water 


No actual experimental data are available with 

° which to compare these calculated gas compositions. 

5 ! It is planned to make such measurements in the 
rrail furnace when the opportunity arises 

Calculations were made for initial and final con- 

‘ ition n the furnace operation, i.e., for zinc oxide 

activities of 1.00 to 0.04 (representing 17 and 2 pct 

Zn in the slag, respectively, as seen in Fig. 2) for a 

variety of fuels, fuel-air ratios, and blast-air con- 

litior The temperatures 2090° and 2200°F were 

sive | chosen as the initial and final slag temperatures in 

. set 2:20 2208 ac rdance with typical operation of the No. 2 fum- 

/ ing furnace at Trail 

“as Heat Balance for the Fuming Operation: A most 

rat important consideration is to ensure that sufficient 

503 heat be available to maintain the fuming-furnace 

¥ charge within the above temperature range. A heat 

, balance incorporating the heats of the exothermic 

. combustion reactions and the endothermic zinc 

. ' oxide-reduction reactions, as well as the latent and 

“aR sensible heats of the components of the equilibrium 

he gas mixture, was used for calculating the heat re- 

rine NTENT OF SLAG (96 quirements to provide for furnace-heat losses. These 


requirements, which include radiation losses and heat 
Fig 2—The activity of zinc oxide in fuming furnace slag 


given up to cooling water, were obtained for a num- 


cones tion in the slag in Fig. 2 ber of hypothetical fuels containing carbon and hy- 
tained in the irogen in varying proportior Fig. 3 shows the 
by ult relationship between this excess reaction heat and 
; ¢ he percentage of combustion of two such fuels, 
whose compositions are representative of a medium 
the arith volatile coal and natural gas (methane). Practical 
7 aot " 1. with the heating value have been used, rather than the heats 
ead blast f combustion of carbon and hydrogen in their 
ob om standard state for preparing these curves 

tthe ores The excess heat available to provide for furnace 
tion that the Stnet gine losses at the beginning and end of a blow was calcu- 
‘ lated to be about 18,900 and 30,960 Btu, respectively, 
‘ if equilit — = not att P the resulting which values are shown as horizontal lines in Fig. 3 
. , 7 shave been denressed. In the The main reason for the difference in these values is 
the pposite pears to the decreasing heat requirements of the endothermic 

om zin xide-reduction reactions as the t proceeds 
A - - ne have been made { f the The difference goes into raising the temperature of 
Frail type. but it is ree hile tn exnect that varia- the slag bath and in meeting the consequently 
on was eneral higher heat losses. Since these requirements must 
mature of oie stivity-concentrat elationshir be met to control the slag temperature within the 


operating range, the intersection of the excess heat 
Influence of Fuel Composition on Zinc-Fuming Rates lines with the constant heat lin« termines the 


k a giver ne Ox tivity, fue nd air-input percentage of combustion at which the furnace must 
te, and temperature, the equilibrium amounts of operate, for a specific fuel and grade of blast air. For 
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each set of fuel conditions, a percentage of combus- 
tion can be chosen to satisfy the heat requirements 

The calculated excess heats, as given previously, 
agree very closely with actual measured heat losses 
to the cooling water for the Trail furnace 

If auxiliary heat is supplied, the constant heat 

lines can be set at a correspondingly lower level, 
permitting operation at a lower percentage of com- 
bustion. This permits a higher zinc-elimination rate, 
as can be seen from Fig. 4 

Zinc Elimination Curves: The zinc-fuming rate 
for any fuel and air-input rate and any zinc oxide 
activity may be calculated by solving Eqs. 8, 9, and 
10, as has been described. Fig. 4, obtained for the 
same conditions as used in preparing Fig. 3, shows 
the rates of zinc elimination at the beginning and 
end of a blow for a medium volatile coal and pure 
methane 

In order to integrate the initial and final fuming 
rates into an elimination curve giving the fuming 
rates throughout the blow, a standard formula was 
chosen 

log. (pet Zn) A— Bt—Ct 


where (pct Zn) is the percentage of zinc in the slag 
at time t, and A, B, and C are constants fixed by the 
initial zinc concentration and the terminal rates of 
fuming 

The best test for the usefulness of this procedure 
is a comparison of the elimination curves obtained 
by these calculations and curves obtained from plant 
data. Such a comparison is made in the logarithmic 
plots of Fig. 5. Excellent agreement between the 
curves is noted throughout most of the fuming oper- 
ation. The small deviation towards the end of the 
blow can be attributed to slight differences in the 
conditions of the theoretical and experimental blows 

Effect of Hydrogen Content of the Fuel: Although 
coal is being used in all regular zinc-fuming fur- 
naces, the use of other fuels, particularly natural 
gas, has been considered for this process. Calculations 
have been made for a range of fuels from pure car- 
bon to hydrogen, including low and high volatile 
coals, fuel oil, and natural gas. For the sake of 
simplicity, fuels have been considered only in terms 
of their hydrogen and carbon contents. The zinc- 
elimination curves for certain fuels are shown in 


Fig. 6 


SANDS OF BTU ) 
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CACESS MEAT PER 


$o 
PERCENT ——o 


Fig. 3—Excess reaction heats for medium volotile 
netural gos (methane) 
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These curves show that zinc-fuming rates increase 
with increasing hydrogen content of the fuel. Even a 
change from a medium volatile to a high volatile 
coal will offer some improvement, in agreement with 
some reported observations 


Separation of the Heating and Reducing Functions 
of the Fuel-Air Mixture 

In conventional zinc fuming, the heat producing 
and zinc-reducing functions are both fulfilled at the 
same time. These functions could be partially sepa- 
rated by burning one bank of tuyeres at a higher 
percentage of combustion than normal and another 
bank at a lower percentage of combustion. The aver- 
age of the two banks of tuyeres then would be at 
the equivalent of normal operation 

This situation will result in nearly the same excess 
reaction heat, since excess reaction heats are almost 
a linear function of the percentage of combustion 
as indicated in Fig. 3. However, the zinc-elimination 
rate will be increased. The average of the two oper- 
ations will lie on a chord drawn through the curves 
in Fig. 4 combining the two sets of conditions, and 
this chord lies distinctly above the main part of the 
curve in the case of coal. The actual zinc-elimination 
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Fig. 4—Zinc-production rates for medium volatile coal 
notural gos (methane). 


SLAG ( %) 


BLOW 


or 


CONTENT 


ZINC 


TIME OF BLOW ( Win) > 


Fig. 5—Comporison of theoretically determined and experi- 
mental zinc-elimination curves 
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curve was calculated for conditions of 55 and 95 pct 


combustion of medium volatile coal at the tuy 
and is compared with a calculated curve represent- 
ing uniform operation at 75 pct combustion in Fig. 7 
Effect of Reducing Thermal Requirements 
of the Furnace on Zinc-Fuming Rotes 
Two methods have been used for increasing the 
effect e heat output I an operation ich as the e 
be g dered l—oxygen enrichment and 2 
preheati f the blast air. Both of these method 
have bee examined in thi tudy 
Oxygen Enrichment: The effect of oxygen enrich- 
ment to allow a substantia! increase in fuel input 
‘ he f ce. A lows e of - 
the } attained wit} yndin¢g 
‘ the « ce at the fu ace 
‘ e aut! calculat were ed out for 
‘ ent fa17.00 trearr with 
t f t. The e of oxygen-« hed a n ig 
st the Smeite ‘ orted eve il 
ears a The increase in fu ate predicted by 
aG Cm 


Fig. 6—Comparison of theoretical zinc-elimination curves for 
voriows fuels 


Time a won 


Fig. 7—-Effect of seporoting the heating and reducing func 
trons of the coal aw miatures 
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Table ti. Calculoted Increases in Zinc-Fuming Rates by Various 
Process Changes: Slag Charge, 50 Tons; Zn Recovery, 90 Pct; 
Air Blest, 17,000 


Apprexi- 
mate 
Increase in tien), 
Fuming Ca- Lb/Ld 


Methed Conditions pacity, Pet Za 
Cart ‘ 15 14 
Med latile coa : 0 16 
Hig e coal : 10 1.15 
He 20 0.95 
Na CH, 37 079 
Hydroge 100 0.25 
Oxye hed biast stile coal 
25 ¢ biast air 60 127 
I heated biast M e a 
b ra 00" F 80 0.95 
Set at of heating Gas stre ternating 
and reducing furx between 55 and 95 
t pet combusti 35 i2 


the present calculations, shown in Fig. 8, agrees well 
with that observed in the plant trials. 

Preheating the Blast Air: The calculated effects of 
preheating the blast air to 1,000°F are also shown in 
Fig. 8. Similar to the treatment used for oxygen 
enrichment, any addition of external heat will allow 
a decrease in the percentage of combustion, obtained 
in this case by increasing the fuel fed to the furnace. 

Discussion 

The authors’ calculations, results of which are 

summarized in Table II, indicate the possibility of 
ubstantial improvements in slag-fuming furnace 
performance. Combining several of the suggested 
methods of increasing the capacity or fuel efficiency 
should yield a combined increase in zinc-fuming 
rates, which could be calculated by the method out- 
lined. However, this can only be achieved in prac- 
tice if chemical equilibrium is maintained in the 
reaction system 

These calculations can account, in part, for the 
variations in slag-fuming efficiency known to exist 
among the slag-fuming furnaces now in operation. 
The predicted improvement in slag-fuming rate by 
oxygen enrichment is in agreement with that ob- 
served in practice. It is known that some attempts to 
use gaseous fuels in slag fuming have been made and 
that results have not been encouraging. One factor 
which may affect the use of gaseous fuels in the con- 
ventional furnace is the ability of the reaction to 
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Fig. 8—Theoretical zinc-elimination curves for normal, 
oxygen-enriched, and preheated blast conditions 
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reach equilibrium. Some metallurgists feel that 
solid carbon particles are essential to the rapid 
fuming of zinc from slag, if for no other reason than 
to maintain a very large area of contact between re- 
ducing gas and slag. Such a condition will favor, in 
effect, the attainment of equilibrium in the slag bath. 

It is hoped that the methods described in this re- 
port may be of use to others interested in estimating 
the probable results of contemplated changes in the 
slag-fuming process. 


Discussion of this paper, if any, will appear in 
JOURNAL OF METALS, November 1955, and in AIME 
Metals Branch Transactions, Vol. 203, 1955. 
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Solubility of Oxygen in Liquid Nickel and Fe-Ni Alloys 


URING the past twenty years, a considerable 
background of knowledge has been built up on 
the chemical behavior of oxygen in liquid iron. Little 
is known regarding oxygen in liquid nickel or the 
effect of nickel as an alloying element on the be- 
havior of oxygen in liquid steel 
The solubility of oxygen in liquid iron was de- 
termined by Fetters and Chipman’ and, more pre- 
cisely, by Taylor and Chipman.’ The Ni-NiO eutectic 
was placed by Merica and Waltenberg”* at 1438°C 
and 0.24 pct O, and this point has been confirmed by 
others.” "It was reported by von Bohlen und Halbach 
and Leitgebel’ that nickel and its oxide are miscible 
in all proportions at 1600°C, but this report is dis- 
credited by observations of others. The melting point 
of NiO according to von Wartenberg and Reusch” is 
1990°C. Approximate values of oxygen solubility at 
several temperatures were reported by Hensel and 
Scott.” The data of Krupowski and Balicki” are in- 
consistent with those of Hensel and Scott and indi- 
cate a solubility less than half that found in the 
present study 
For oxygen solubility in Fe-Ni alloys under pure 
iron oxide-nickel oxide slags, only the scattered data 
of von Bohlen und Halbach and Leitgebel’ are avail- 
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able. The careful work of Bardenheuer and Brauns 
involved silica-saturated slags. The equilibrium be- 
tween Fe-Ni alloys and iron oxide-nickel oxide slags 
was studied by zur Strassen” and by Jander and 
Senf,” but no oxygen analyses were reported 


Oxygen in Pure Nickel 

Apparatus and Method: Samples were taken with 
a “Taylor sampler” from a bath of molten electrolytic 
nickel held under an air atmosphere in a magnesia- 
lined 30 lb induction furnace. Saturation of the melt 
with oxygen was effected partly by the addition of 
chemically pure black nickel oxide and partly by 
the air atmosphere. Samples were taken only when 
there was a clearly visible oxide phase present. To 
avoid contamination of this oxide phase, the silica- 
sheathed Pt Pt-10 pet Rh the rmocouples, by means 
of which temperatures were measured, were im- 
mersed in the melt for the minimum time consistent 
with accurate reading. Samples and temperature 


readings were taken only after the furnace had been 


Table |. Oxygen Solubility in Liquid Nickel 


Oxygen Analyels 


Sample 
Neo Temperatere, °C Wt Pet Mel Pet 
1622 0.878 4.14 
8-3 1641 0.776 2.79 
0 542 2.0 
8-6 1527 0 468 1.76 
8-7 1550 0 4628 226 
1545 0.533 
8-9 1691 6 5.73 
1450 0204 1.07 
SS-2 1501 © 422 1.53 
1550 0 649 
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Fig 2—Solubility of oxygen in liquid nickel, iron, and alloys 
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constancy, 


Table I). Oxygen Solubility in Alloys 


Crucible 


(30 Lb Furnace, Mognesic 


Analysis,* Wt Pet 


Sample 

Ne Temperature, °C o 
SSS-1 22.2 0.210 
SSS-2 48.1 0.097 
SSS-3 48.2 0.158 
SSS-4 48.0 0.196 
SSS-5 48.0 021 
SSS-6 75.3 0.166 
SSS-7 75.1 0.202 
Sss-8 75.0 0.302 

Samples was 0 003 pe t 


vacuum fusion method. No attempt was made to 
determine the exact compositions of oxide phases in 
equilibrium with melts 


Result The data have been pl tted as log mol 
fraction oxygen vs reciprocal of absolute tempera- 
ture in Fig. 1. Also included in this plot are the 
eutectic point of the Ni-Ni oxide system, as given by 


Merica and Waltenberg,* and thres 
Hensel and Scott 
With the 


and two of 


points given by 


authors’ 


all be 


exception of one point of the 
Hensel and Scott, the data can 


a line given by the expression 


log mol fraction O 10,270/T + 3.95 


Expressed in weight percent, this is equivalent to 


log Pct O 10.270/T 5.40 


heat of solution of solid nickel oxide in 


>| 47 kcal 


liquid 


It will be observed from Fig. 1 that the solubility 
of oxygen is apparently slightly higher in those cases 


nickel oxide 


the only 
However, in view of 
It that separate 


hardly justified 


where oxide phase was pure 


the small difference involved, 
treatment for the 


The authors’ 


it was fe two sets 


if data was one point 


which falls markedly low was for a sample taken 
soon after a nickel metal addition to the bath and 
may not represent a saturation point. The reason 
for the large departure from the line by the two 
points of Hensel and Scott may be loss of precipitated 


ne cooling nalvtical err< 
ne ified iCal 


yxide dur g or j rs inherent in 
the aluminum-deoxidation method of analysis 


Alloys 


Oxygen in Fe-Ni 
i Method: A 


mel was made in a 


furnace and samples 
Taylor : The techn que was 
bed in preceding 


milar to that descr the section 
with the following differences: A prepurified nitrogen 


atmosphere was used to avoid uncontrolled atmos- 


have removed iron 
Ferric oxide was used 


c oxidation which would 


preferentially from the alloys 


as a source of oxygen. Electrolytic iron additions 
were made during the run to obtain three different 
alloy compositions, viz., 22.2, 48.1, and 75.1 pct Fe 


Several 


containing 


baths 
found to 
iron), 1 to 


slag samples were obtained from 
48 and 75 pct Fe. These wers 
contain 90 to 92 pct FeO (based on total 
2 pct SiO. 2 to 4 pct MgO, and 0.4 to 2 pct NiO 

With this furnace arrangement it was found dif- 
ficult to set the melt temperature exactly at the de- 
sired value of 1594°C. Therefore, samples were taken 
at three arbitrary temperatures for the 48.1 and 75.1 
pet Fe alloys and the desired saturation limits at 
1594°C were interpolated from the results of these 
The data are given in Table II 
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Fig. 3—Solubility of oxygen in Fe-Ni alloys at 1594°C 


were obtained directly at 
hich had been used for 


A number of points 
1594°C using an apparatus 
studies of gas-metal equilibria. A charge of 35 g 
of metal, heated by induction, was held in the fur- 
nace chamber under an atmosphere of argon. Oxygen 
required for saturation was 


in excess of the quantity 
i introduction of wate! 


supplied as iron oxide or Dy 
vapor-hydroger ires having oxygen activities 
greater! than those 
alloys. The 


by means of an optical pyrometer! 


respective oxygen-saturated 
temperature of the melt was meas ired 
sighted on the 
metal surface through a prism and window in the 
The charge, the temperature of which 
of the 
quenched by a blast of cold helium at the conclusion 
f arun. Rurs were 
both magnesia and alumina crucibles The data are 
shown in Table III 

Results: The data from the 30 lb magne sia-lined 
induction ft (Table II) are 
pet O vs reciprocal of absolute tempe rature in Fig. 2 
The solubility in pure nickel and the line determir ed 
for pure iron by Taylor and Chipman’ are shown for 


furnace head 


was set by manual control power unit, was 


made in 


this apparatus using 


rnact plotted as log wt 


comparison 

The experimental data at 48.1 pct Fe appear quit¢ 
reasonable, indicating a heat of solution of the oxide 
of +28 kcal in good agreement with 28.9 kcal for 
pure iron. The data for 75.1 pct Fe are less satisfac- 
tory. A line of best fit for these would 


indicate a markedly lower heat of solutior for the 


three points 


oxide than those estat hed in the cases of pure iron 


and 48.1 pct Fe. Since there is no reason to believe 
that such an anomaly exists, a line has been drawn 
in Fig. 2 whose slope the same as that for the pure 
iron line but whose position was fixed from equal 
weighting of the data | nt 

The interpolated solubility points at 1594°C from 
the previous data, together with a point calculated 

9 


olution of +28 kcal 
are plotted in Fig. 3 


obtained from those 


for 22.2 pct Fe using a heat of 
and the datum point at 1655°C 


together with the data points 


runs made in the 35 g induction furnace using m - 


nesia crucibles. Taylor and Chipman’s point for pure 


Table Il!. Solubility of Oxygen in Fe-Ni Alloys at 1594°C 


Crecible Atmosphere Fe, Wt Pet oO, Wt Pet 
ALO Argor 50.5 
481 
ALO H.O-H 429 
H.O-H 4.87 
H 
25.4 
H 
MgO Arg 4o7 
MgO Are 77 
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Table Summary of Solubility Dota (Interpolated) 


Solubility, Wt Pet 0 


Temperatere, °¢ Ni 20 Pet Fe 50 Pet Fe Fe 
450 0.28 0.10 
1500 0.40 0.12 
15S 58 6.13 0.18 
1600 0.82 16 0.19 0.25 
1630 0.20 0.23 0.28 
1 700 1.59 


iron and the authors’ point for pure ni kel are shown 
The section of the curve below 5 pct Fe is quite un- 
gh drawn as a continuous dotted 
line. should exhibit a discontinuity at the point of 
liquid metal liquid 


Experiments were 


certain and, althou 


three-phase equilibrium where 
and olid ox de 

not conducted to establish the 
continuity, on the high nickel side of which the oxide 
is solid 

The data for solubility of oxygen in the 
of alumina are plotted also in Fig. 3 and 
be expected, the curve drawt through these points 
lies lower than the magnesia line This curve must 
be regarded as only approximate, pa! ticularly in the 
below 10 pct Fe. The nature of the alumina- 


oxide coexist 


ot this dis- 


presence 


as would 


region 
iron oxide phase was not dete rmined 

A line representing the data of Bardenheuer and 
Brauns ins lica cruc ible 
is included for comparison 
position of this line that the activity of oxygen in 
is less than that in the 
oxides of the magnesia crucible by a 


tant facto! The alumina saturated 


inder silica-saturated slags 


It is evident fron the 


the silica-saturated slags 
nearly pure 
substantially cor 
slags are intermediat« 
Table IV gives a summary of the data int rpolated 
to even temperatures and concentrations 
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Technical Note 


Elastic and Plastic Strains and Watt Losses in Grain-Oriented 3 Pct Si-Fe 


| (game ATION ivailable on the effect of stress 


ty, ve for and hyst 


under stress (Fig. 2, point N); often no increase can 
be observed (Fig. 1) 


ava eria et ally impor- 4—-A large increase in watt losses is observed after 
tant alr er pet Si-F he stress effects are removal of the stress subsequent to plastic deforma- 
not adequately ered he teraturs n addition tion (Figs. 1 and 2) 
most of the stre lata do not permit estimation of 5—All, or nearly all, of the foregoing increase in 
what 1 hap} to the 60 cycle watt losses of loss due to plastic deformation can be eliminated by 
ihe f eria: unde tress. Direct measurement of a reapplication of tensile stress but returns upon re- 
t e effects therefore has been made and appea moval of this stress. This is illustrated in the third 
i lerable theoretical as well as practical run (Fig. 3). This run remains within the elastic 
nt t. Losses were measured on the central 25 cm limit and shows the reversibility of the stress-loss 
40x ampies could be curve under this condition 
These findings have been confirmed on large sam- 
pu ples (approximate ly 200x10x0.035 ecm and larger) 
trated in the figures by particular example, were except that under 1 no initial increase in loss was 
»bserve ever observed on these. The accuracy of the watt 
, ined _ f commercially ac- loss measurements is of the order of 1 pct 
Neither bending of the sample in the tensioning 
: id nae -“8 device nor a redistribution of flux along the width 
ou of the sample accounts for these results. They there- 
where pct crease oserved 
P _ — . fore must be explained on the basis of either a 
, change in the domain configuration due to stress or a 
‘ id ‘ n lo when th 
change in the domain wall mobility 
t tre €lastic limit 
he } tre curve is 
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Losses were meosured at o peck flux density 
of 15.500 gouwss. The 
sample A) wos stressed beyond the yield 
port 5) end, efter complete release of the 
tension, hod increased in losses (C) 


mittally strom free 
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mann bends could be heard to form. The 
initial poiat C’ is identical with C of Fig. 1 


within the elastic limit. its initial point D’ 
is identical with D of Fig. 2 
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Electrical Conduction in Molten Cu-Fe Sulphide Mattes 


Using a new alternating-current potentiometer circuit and a specially designed four- 
terminal cell, the specific conductance of molten Cu.S-FeS mattes was measured as a 
function of temperature, from the liquidus to 1500°C, over the complete range of composi- 


tion. The high conductivities, about 1500 ohm™' 


for FeS and 100 ohm™' cm™' for Cu.S, 


indicate that the conduction is electronic rather than ionic. Molten FeS has a negative 
temperature coefficient of specific conductance, resembling metallic conduction. Molten 
Cu.S has a positive temperature coefficient, resembling semiconduction. The binary 
roughly follows an additive rule of mixtures with respect to both magnitude and temper- 
ature coefficient of specific conductance. Metallic bonding in the liquid is postulated to 


explain these phenomena. 


UCH has been learned in the past about the 
nature of liquids and the ionic or molecular 
species in solution by means of electrical measure- 
ments. Thus, dielectric constants’ * have given in- 
formation about molecular liquids such as water and 
benzene. Measurements of dielectric constant usually 


] conducting liquids, 


are impossible in electrically 
such as aqueous solutions of ionic salts and molten 
However, measurements of electrical 
ransference have provided 


ionic salts 
conductance and ionik 
much knowledge about the latter systems 

In recent years, the ionic nature of certain molten 
metallurgical slags has been established by Derge 
and Martin’ through electrical conductance and elec- 
Chipman, Inouye, and Tom- 
linson® have studied the electrical conductance of 
molten FeO and report a high specific conductance 
(compared with 4 ohm 
cm™“ for an ordinary ionic liquid such as molten 


trolysis measurements 


of about 200 ohm” cm 
NaCl) and a positive temperature coefficient of 
ductance. They interpret these results in terms of 
p-type semiconduction by analogy to the situation 
in solid FeO.” Simnad and Derge”™ have studied cell 
efficiency in the electrolysis of molten FeO-Si0O, sys- 
tems and conclude that ordinary ionic conductance 
increases with SiO, content 

Very recently, interest has been revived in the 
electrical conductance of liquid metals and liquid 
1etallic solutions. Scala and Robertson” report a 
close resemblance between the liquid and solid 
states with respect to thermal, structural, and com- 
positional relationships 


con- 
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Molten sulphides have not received a great deal 
of attention. Bornemann and von Rauschenplat 
measured the specific conductance of molten Cu, 
as a function of temperature with a four-terminal 
cell using direct current. A high specific conductance 
and a positive temperature coefficient were found in 
that investigation.” Using a two-electrode apparatus, 
electrolyzed various molten sulphide 
mixtures. He concluded that pure molten Cu,S and 
FeS were electronic conductors but that the mix- 
tures exhibited some ionic conduction 

In the present investigation, the specific conduct- 
ance of the industrially important Cu-Fe sulphide 


Savelsberg 


mattes was measured as a function of temperature 
and composition in order to investigate the mode of 
electrical conduction and the structure of these mol- 
ten mattes. An alternating-current circuit was used 
to eliminate the effect of any possible electrode reac- 
tions 
Apparatus 

The Conductance Cell: Due to the high specific 
conductance of the systems studied (10° to 10° ohm 
em), the classical two-terminal cel! and Wheat- 
stone bridge apparatu could not be used A four 
terminal cell was developed in order to eliminat 


lead resistance, and an ac potentiometer circuit wa 


designed to give rapid and sufficiently 
measurements of the cell resistance , diagram of 
the conductivity cell is given in Fig. 1. The molten 
matte is contained in a dense alundum crucible, and 
spectrographic graphite rods that dip into the mol- 
ten matte serve as the four conductance terminal 
Two of the graphite rods on opposit des of the 
cell serve as current-carrying leads, and the other 


two graphite rods are null-current probes that de- 


tect the potential drop acr« the cell. These graph- 
ite rods are contained ir lica tubes, and the lower 
constricted portions of the two silica tubes define the 
column of liquid whose electrical resistance is being 


measured. The electrical resistance of the broad ex- 
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208mm 
Fig. 2—Detail of 
electrodes in 
motte conductiv- | | 
ity cell 


am 


thermocouple which was shielded from the molten 
matte by an alundum protection tube. The cell was 
kept in a helium atmosphere to prevent oxidation of 
the molten sulphide 

A diagram of the ac potentiometer 
circuit for measuring the resistance of the conduct- 
ance cell is given in Fig. 3. Approximately 120 v 
ingle-phase ac current is stabilized to 117 v by a 
Raytheon voltage regulator which supplies power to 
the Jackson audio-oscillator, the amplifier, and the 
y signal from the variable fre- 
which is usually about 0.2 
at 2 v, is amplified to about 2 amp at 1.5 v in 
amplifier. The current then passes in 
eries through a standard noninductive resistance 
and the conductance cell. The potential drops, V, 


the standard resistance and across the con- 


The Circuit 


juctance cell are measured in arbitrary units on the 
rtical weet of the osc illograph The resistance of 


is computed from 
R R,, - V./V 


hould be of the same order of magnitude 


to obtain the best precision 
Ir ler to avoid inductance, capacitance, and an- 
tenna effects, all wires carrying high frequency cur- 


rent must | 


e shielded carefully, and the circuit must 
be grounded as shown in Fig. 3. The oscillograph is 


more iitable for this work than a vacuum-tube 

because it can detect experimental diffi- 
culties by showing the wave form of the current 
when it is on horizontal gain. If a pure sine wave is 
not obtained, it means that some of the graphite 
electrodes are not contacting the molten matte or 


that there is an antenna effect 


Experimental Procedure 
Cenerc The conductance cell was calibrated at 


om temperature with a standard sulphuric-acid 
olution of maximum density (1.223 g per cc or 3.70 


molar) whose specific conductance is 0.8135 ohm 


m‘ at 24°C. The standard noninductive resistance 
ised in these calibrations was 700 ohn The cell 
constant } related to the specific conductance of 
the acid «. and the resistance R... of the cell contain- 


ng the acid by k yr, R.., and a typical value for 
e cells used was about 100 cm This constant is 
thought to be essentially unchanged at the high 
temperatures of operation because of the very low 
coefficient of thermal expansion of silica (see previ- 
ous section on apparatus) 

Chemically pure Cu.S powder and commercial- 
grade FeS lumps were weighed out and prefused 
under a helium atmosphere in a graphite crucible 
Of course, a certain small amount of desulphuriza- 
tion will result, as discussed in the section on con- 
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f | 
| | 
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| 
| 
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Frm 
R. and R,, 
btained by difference 


trols. This departure from stoichiometric conditions 
means that the system must be considered as at 
least a ternary. The resulting solid was broken up 
into lumps to be charged to the alundum crucible of 
the conductance cell. This procedure was necessary 
to insure complete filling of the cell crucible and 
knowledge of the charge composition. The matte 
was analyzed chemically for Cu, Fe, and S before 
and after the conductance experiments. 

The alundum crucibie, charged with lumps of the 
matte, was introduced into the induction furnace 
and the matte was fused in a helium atmosphere. As 
soon as melting was completed, usually at about 
1100°C, the silica-tube assembly containing the 
graphite electrodes was lowered into the molten 
matte, and the measurements of cell resistance as a 
function of temperature were carried out as dis- 
cussed in the description of the circuit. The specific 
conductance was computed from the formula ¢ 
k./R 

On either heating or cooling, temperature change 
was sufficiently slow that the measurements (re- 
quiring about 20 sec) could be made before there 
was a perceptible change in the thermocouple read- 
ing (not more than 5°C). The specific conductance 
could not be followed below the solidus temperature 
in this apparatus because the silica tubes and cruci- 
ble were always crushed by solidification 

Controls: Desulphurization of the molten mattes 
was not rapid, less than 10 pct in 5 hr at tempera- 
ture as shown by the typical analyses given in Table 
I. The specimens were analyzed for copper by the 
standard iodimetric technique and iron analyses 
were obtained by volumetric dichromate titration 
hur analyses were carried out by the “evolu- 
tion” method in which the specimen is treated with 
HCI to evolve H.S which is absorbed by ammoniacal 
ZnSO,. The resulting ZnS suspension is acidified and 


t ated with standard KIO,-KI solution to a blue 
starch end-point Actually, this method of analys 

for sulphur would be expected to give low results 
because the powdered specimen does not dissolve 
completely in the HC1. It is estimated that the evo- 
lution” method gives results that are low by several 
percent. This is shown in Table I which compares 


the actual analyses with the sulphur compositions 
»btained by difference. This estimate seems to be 
borne out by the results of later s alph ir analyses by 
the combustion method in which the sulphur is 
burned off as SO, and absorbed in KIO,-KI solution 


in the course of titrating to the starch end point 
The difference between the initial and final sulphur 
com} tions (about 2 pct in the typical example of 


Table I) leads to an estimated desulphurization of 
less than 10 pct in the process of fusion. From 


ternary phase diagram of Fig. 5, this is about as 


sow 
a 


Fig. 3—Electrical circuit for measuring voltage drop across liquid 
mofttes 
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much desulphurization as could occur (in most spec- 
imens) in the sulphur-rich phase (whose conduc- 
tivity was measured and for which analyses are 
presented).* Further, there was no systematic 


* Tr amount of metal-rich phase re 


tre sometimes was 
maining in the bottor f the andum crucible 


change in specific conductance as the experiment 
progressed, indicating that the conductance was not 
strongly dependent on sulphur concentration 
Nevertheless, this point being carefully checked 
in a separate research program in which a controlled 
partial pressure of H,S is used to obtain essentially 
constant sulphur activity. It is worthy of note that 
commercial grades of FeS from various sources gave 
substantially the same results 

It is thought that the concentration of oxygen in 
the fused specimens was not high because they were 
prefused in graphite crucibles under a helium at- 
mosphere Also, the molten mattes were In contact 
with the graphite electrodes throughout the con- 
ductance measurements. In fact, very careful deter- 
minations of oxygen by hydrogenation showed that 
the oxygen content of the specimens was less than 
0.5 wt pet 

The results obtained on heating and cooling agreed 
well within the precision of the experiment (+5 
ct). indicating that the measurements were made at 
early constant cell temperatures (+5°C) 

Varving the frequency of the current from 400 to 
6000 cycles per sec had no appreciable effect on the 
results. This indicates that there was essentially no 


t 


capacitance, inductance, or polarization in the con- 
ductivity cell. A frequency of 1200 cycles per sec 
was found convenient and was used in most of the 
measurement Variation of the current from 0.5 to 


2 an p had 


the Ohm’s law behavior of the conductivity cell 


no effect on the results, again indicating 


Discussion of Results 
The summarized specific-conductance data for 
molten Cu-Fe sulphide mattes are given in Fig. 4 


1200%- 
25% Cy 5S, 73% 


Specific Con@uctonce Am 
| 


Fig. 4—Summary of specific conductance dato for molten 
mottes. Compositions refer to weight percent 
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The solid lines shown here represent the best fit for 


wwosition indicated Table Ii. Composition of Molten Sulphides after Conductance 


tre data eact i rit 
while the dashed lins nelude the experi- Experiments 
mentai points (about 100 f each con tion ) 
Each nominal composition included two or more Wt Pet 
separate The st of data include ors 
of temperature, composition, and electrical meas- Typical FeS Specimen Fe 
irement 
In Fig. 4 it is seen that the specific conductance of Molar ratio, Fe/S arty 
these molten sulphides is much higher than that of Typical Cu,.8 Specimen Cu 80.4 
ty] un _ alt sch as NaCl ( 4 ohm s 19.6° (18.2 actual analysis) 
em”). TI means that simple ionic conduction is 100.0 
not the principal mode of electrical conduction in are 
the ent Case 
* Sulphur obtained by difference 
wr 
~ah : (as typified by benzene, water, etc.) nor simply 
In th ystem, molten FeS has the highest specific ionic (as typified by molten CuCl, SnCl,, etc.). Pos- 
tance (about 1500 ohm™ cm”), and exhibits sibly the interatomic bonds in these liquids are of a 
: itive temperature coeff! nt (about metallic nature. At present, the specific volumes of 
{), resemt g met duction the mattes are being estimated as a function of com- 
I >! the west Ss} conductance position and temperature to permit calculation of 
 onn m') and exhibits a small positive the molar conductance c,. This molar conductance 
t ff nt (about 0.003 per “C), re- data then will be analyzed to investigate the more 
nduction. Typical chemical analyses quantitative aspects of the hypothesized electronic 
ens are en in Table Il. These data conduction mechanism and the apparent semicon- 
in are essentially in agreement with duction in the Cu,S-rich mattes.* 
mann” but show a somewhat higher 
‘ wa hiv additive ile of : eparate publicatior 
ictance 
curves for matte f intermedi The authors are indebted to Mrs. Virginia F. 
explained by a pl change in Johnston and her assistants for chemical analyses, to 
ne) senarates into metal- William Bostrom for construction of the amplifier, 
sid pha It can be seen and to Michel Bailleul for experimental assistance 


- Discussion of this paper, if any, will appear in 
eS EE JOURNAL OF METALS, November 1955, and in AIME 
Metals Branch Transactions, Vol. 203, 1955 
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venient in treating the system to use the standard the compound 2CaO-SiO, which is very stable and 
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Activities in the Iron Oxide-Silica-Lime System 


RESENT knowledge of the usual metallurgical 

slags indicates that they are, for the most part, 
rather complex in behavior and as yet there is no 
ready means for describing, in a simple manner, 
the behavior of any one of them. One of the best 
known slag systems is the iron oxide-silica-lime 
ternary which is the basic “solvent” in a number of 
important metallurgical refining operations, the 
basic open hearth being one of the most important 
In this operation, the slag dissolves such compo- 
nents as sulphur, phosphorus, manganese oxide, and 
magnesia. Considerable study of this slag system 
and the behavior of these additions has been carried 
out in the past by a number of authors, as has been 
summarized in several critical reviews. However, 
except for determination of the activity of iron ox- 
ide, only a limited amount of effort has been di- 
rected towards developing, from these data, an 
understanding of the general behavior of the basic 
solvent. 

Reported here are the results from a series of cal- 
culations based on data from the literature which 
permit a semiquantitative evaluation of the activi- 
ties of iron oxide, silica, and lime (plus magnesia) 
in the ternary system at 1600°C. The preliminary 
results, which were reported briefly at a symposium 
held by AIME in 1953," have been revised and are 
completed. The steps in the calculation are as fol- 
lows:* 1l—establish the activity curves and the 

* The thermodynamic symbols used here are those conventiona 
in American texts, Le. see S. Glasstone. As examples, a is activ 
ity a/N or activity coefficient, and the superscript x desig- 
nates an excess quantity ‘actual minus ideal All the compositions 
are given as mol fractions 
curve of the excess molar free energy of mixing at 
1600°C for each of the binary systems, 2—-construct 
the activity surface of iron oxide for the ternary 
from the data on the binary systems and informa- 
tion available in the literature for the ternary area, 
3—determine the surface of excess molar free en- 
ergy of mixing for the ternary system from the ac- 
tivity surface of iron oxide and from the molar 
curves obtained for the binary system, and 4—dif- 
ferentiate the ternary surface of the molar excess 
free energy of mixing to obtain the ternary surfaces 
for the logarithm of the activity coefficients for sil- 
ica and lime (log 7» and log ‘Yeso) 

SiO,-Fe,O: Schuhmann and Ensio’ have measured 
the activity of iron oxide in simple iron oxide-silica 
slags when in equilibrium with y iron. Their data 
recalculated to 1600°C are shown in Fig. 1. Also in- 
cluded is a point representing a measurement by 
Gokcen and Chipman’ of the activity of iron oxide 
at 1600°C at the point of saturation with solid silica 
For convenience and in accordance with other treat- 
ments,” the calculations are based on the hypotheti- 
cal component, Fe,O, which is obtained by convert- 
ing all the analyzed iron in the slag to FeO. In spite 
of Schuhmann and Ensio’s conclusion that the activ- 
ity of iron oxide in the system does not vary with 
temperature over the experimental range of 1258 


J. F. ELLIOTT, Member AIME, is Assistant Superintendent, Quo! 
ity Control, inland Steel Co. East Chicago, ind 

Discussion of this poper, TP 3851D, may be sent, 2 copies, to 
AIME by May 1, 1955. Manuscript, Feb. 15, 1954. New York Meet- 
ing, February 1954 
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to 1407°C, the data are corrected to 1600°C assum- 
ing that temperature does have an effect. It was 
felt to be most reasonable to assume that the term 
log yr+,o is a linear function of the reciprocal of the 
temperature. Rey” has indicated that an effect of 
temperature on the activities in this system is to be 
expected from the Schuhmann and Ensio data. In 
essence, the correction consists of multiplying the 
experimental value of log yr-,o by the ratio of the 
experimental temperature in Kelvin to 1873°K. The 
magnitude of the correction is not large, being ap- 
proximately 11.5 pct of the experimental value of 
log 

A very minor correction was necessary to com- 
pensate for the fact that the slags were in equilib- 
rium with y iron in the experiment, while at steel- 
making temperatures they would be in equilibrium 
with liquid iron. Data for the correction were ob- 
tained from Darken and Gurry." The standard states 
established are pure liquid iron oxide (Fe,Q) in 
equilibrium with pure liquid iron (with the appro- 
priate amount of oxygen in solution) and pure 
liquid silica. 

The method of plotting in Fig. 1 is convenient for 
the calculation of the activity of liquid silica and 
permits a reasonable extrapolation for the activity 
of Fe,O in the ranges where no experimental data 
are available. The uncertainty in the extrapolation 
to infinity at one terminal where Nr. 1 for the 
usual Gibbs-Duhem integration is reduced consid- 
erably by this method. The region of two coexisting 
liquid phases is estimated to range from 1.8 to 41.7 
mol pet Fe,O. The nature of the activity curve fo1 
the single-phase region indicates that the activity of 
iron oxide across the two-phase region is very close to 
0.39. Computation of the function log yr-,0/ (1—Nv-.o)’ 
for this region (dashed line) in conjunction with 
the curve through the adjusted experimental data 
indicate the best probable value of 0.382 for a» in 
the two-phase area. The line from 0 to 0.018 Ns 
is obtained by assuming that the component follows 
Henry's law. In thi value for log 4 
is 2.59. Appropriate mathematical manipulation of 
the plotted linet yields the activity curves for the 


range, the 


* See ref. 9 where this ethod is treated in some detall 


system as shown in Fig. 2, A 

The curve AF’, the 
mixing (actual minus ideal), as 
also computed from Fig. 1. This curve is 


excess molar free energy of 

shown in Fig. 3 is 

required 
for subsequent calculations 

CaO-Fe,O: The phase diagram for the lime 

oxide systern in equilibrium with liquid iron 


iron 


when 


is not well known but there appears to be no inter- 
mediate compound present This fact as well as the 
activity values for Fe,O extrapolated to the CaO 


Fe,O binary from Taylor and Chipman’ tend to in- 
dicate somewhat negative deviations from ideality 
for the activity for the two component 

Strong indication of this 1 
are plotted the points computed from the e 
activities of Fe,O for the binary systen It appears 
that the best line through the data is a horizontal 
straight line f 


curves 
evident in Fig. 1 where 


timated 


Because of the general indication of 
the slight negative departure from ideality, the line 
is extrapolated horizontally to Nr. 0. It 
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Fig. |—Free-energy functions at 1600°C for the liquid binary 


system. Open circle s the dota Schuhmone and Ensio 
moditied; triangle, Gokcen and Chipman,” and closed square 


after Taylor and Chipmeon 


Fig 2—Activity curves ot 1600°C for the liquid binary systems 
A is CeO-Fe after Schuhmonn ond Ensio” 8 is Open 
circle in 8 ig trom thermal! dete 
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the compound 2CaO-SiO, which is very stable and 
which has a high melting point. Darken™ has cal- 
culated the molar curve of AF /4.576 T for the binary; 
system of liquid lime and liquid silica. His method 
vas used to repeat this calculation to obtain the 
curve of AF*/4.576 T (Fig. 3) for the binary from 
the ternary activity surface of Fe,O as shown in 
Fig. 4 Although Richardson” also has determined 
the curve for the lime-silica system, Darken’s was 
used instead, since it is more consistent with the 
activity curves for Fe-O in the ternary field. In the 
binary system, the excess molar free energy of mix- 
ng (AF"*) is equal to 4.576T - log 


Ternary System 

Activity of Fe,O: The iso-activity lines for Fe,O 
in the ternary system as shown in Fig. 4 constitute 
n essence a contour map. The lines are based on 
the activity data for Fe,O reported by Taylor and 
Chipman. Additional points for slags which were 
w in manganese oxide and phosphorus were cal- 
culated from Winkler and Chipman.” The iso-activ- 
ity lines are extended to the extremities of the dia- 
activity curves of the 
CaO-Fe,O and SiO,-Fe,O (Fig. 2) 
extended 


required by the 


system, 


The iso-activity lines were across the 


region of the two coexisting liquid phases on the 
ba that the tie lines extend radially and would 
converge at the were virtually 

solubility of This ar- 


silica apex if there 
iron oxide in liquid silica 


angement appears reasonably sound because the 


wo-phase regions in the bordering binary systems 


extended about equal distances from the silica apex 


It to be noted that the activity of each component 
constant across a tie line in the two-phase area 
The iso-activity lines were drawn as smoothed 
irves through the data and to the sides. Because 


the basic data assumed the same behavior for MgO 


und CaO in this system, the ternary system Is actu- 
ally Fe,O-SiO,-(CaO + MgO). To provide a con- 


Fig. 3—Excess free-energy curves at 1600°C for the liquid binary 
system. A is CoO-SiO, after Dorken”™ and 8 is SiO,-Fe,O and 
CeO-Fe,O 
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Fig. 4—Iso-activity curves for Fe,O ot 1600°C for the liquid 
Fe,0-SiO.-(CaO + MgO) ternary system, after Taylor and Chip- 
man’ ond Winkler and Chipmon.” 


sistent pattern thermodynamically for the arrange- 
ment of the iso-activity lines, activity curves for the 
pseudobinary lines, as follows, were constructed: 
CaO/S10, 4/1, CaO/SiO 2/1, CaO/Si0O, 1/1, 
CaO/Si0 1/2, and CaO/SiO, 1/4. Smoothed 
curves of ar.,o were also drawn for lines of constant 
Nre,o at 10 pct intervals. These sets of curves were 
used to aid in interpolating the activity lines. To 
ensure thermodynamic consistency to the plot, 
curves of SF*/4.576 T were computed for the five 
pseudobinary lines and the surface of AF*/4.576 T 
obtained is shown in Fig. 5 

Slight adjustment of the activity lines in the re- 
mote corners of the ternary system was necessary in 
order to obtain a fully coordinated set of curves for 
and AF*/4.576 T 

Activity of CaO and SiO,: The surface of SF*/4.576 
T for the ternary system in Fig. 5 was necessary in 
order that the activity coefficients of silica and lime 
(plus MgO) could be obtained. Determination of 
these activity coefficients was accomplished by the 
slope-intercept method according to the following 
equation 


log y; AF* 
4.576 T 4.576 T 


(1—N,) 
[yaF*/yN,], 
4.576 T 
In this equation, the subscript 3 designates the com- 
ponent Fe,O. Subscript 2 designates either SiO, or 
CaO and, alternatively, 1 is either CaO or SiO,. The 
ratio N./N, requires that the differentiation be car- 
ried out along a line of constant ratio of component 
1 to component 3. This is a straight line from apex 
2 to the opposite binary 1-3 

Actually, the determinations of the activity coef- 
ficients for silica and lime were made graphically 
Taking silica as an example, from Fig. 5 a plot of 
AF*/4.576 T vs Ne for each of the quasi-binary 
lines of Fe,O/CaO of 4/1, 2/1, 1/1, 1/2, and 1/4 was 
constructed. Then the value of log 4576 T at 
any given composition for one of the quasi-binary 
lines was the intercept at the axis of N; 0 of 
the tangent to the curve at the selected composition 
This graphical method yielded a continuous curve of 


log yxo,/4.576 T vs Neo, for each of the quasi-binary 
lines 
Interpolation from curves of log for the 


systems and the five quasi-binary 
as shown in 


boundary binary 
systems yielded the surface of log y» 
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Fe.0 


Fig. 5—Excess molar free energy of mixing surface for the liquid 
Fe,0-SiO.-(CaO + MgO) system at 1600°C 


‘ 


Fig. 6—Surface of log 7» ot 1600°C for the liquid Fe,O-SiIO 


CaO + MgO) system 


Fig. 6. The thermodynamic behavior of silica is 
presented in this way, instead of by 
lines, because there is such a tremendous range in 
activity from 0.00001 in the region of nearly pure 


liquid lime to | at the silica apex 


iso-activity 


The surface of log > for liquid lime as shown in 


Fig. 7 was derived from the AF*/4.576 T surface in 


Fig. 5 in the same manner as was described for ob 
taining the surface of log Once again, the log 
arithmic function of the activity coefficient is used 


because the activity of lime varies over a range of 


from 0.006 to 1 


Discussion 
In trying to deduce from known phase diagrams 
some estimation of the thermodynamic behavior of 


the components in the iron oxide-silica-lime tem 
two dominant features are noted: the high stability 
of dicalcium silicate, (2CaO-Si0O,), and the pre 

ence of the field of two coexisting liquid phases near 
That this very strong attraction be- 


ts well out towards the 


the silica apex 
tween lime and 
Fe,O apex has been shown by experimentally dete 
mined which are distorted to a 
pronounced extent along the quasi-binary line be- 
tween 2CaO-SiO, and Fe,O. The semiquantitative 
determination of the behavior of lime and silica in 
this ternary at steelmaking temperatures indicates 
that the activities of lime and silica change very 


silica persi 


iso-activity line 
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Fig 7—Surface of log ot 1600°C for the liquid Fe,0-SiO 


CaO MgO) system 
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a plot over a portion of the ternary field of some 
such device as iso-activity coefficient lines. This 
would avoid the need for artificially assumed species 
of various sorts. For example, in a paper to be pub- 
lished soon, the behavior of MnO in steelmaking 
lags is approximated by contour lines of constant 
Yueo OVE a portion of the ternary field 
The results from Figs. 4 and 7 have been some- 
what helpful in developing a method for correlat- 
ng data on dephosphorization obtained during the 
refining period in basic open hearth operations. The 
method has been to compute the equilibrium con- 
stant for the reaction of iron oxide and lime in the 
slag with phosphorus in the bath to produce phos- 
phorus pentoxide dissolved in the slag. Attempts to 
correlate data reported by Winkler and Chipman” 
have been only partially successful. Further com- 
putations now being made will be reported later 
Summary 

Data reported in the literature on various parts 
of the iron oxide-silica-lime system have been cor- 
related and surfaces of areo, log ysio,, and log yeso at 
1600°C for the liquid ternary system have been 
computed. The pure liquid has been selected as the 
standard state for each component. The results 
which are semiquantitative, are best summarized by 
reference to Figs. 4 through 7 


Acknowledgments 
The author acknowledges the help of Mr. Frank 
Luerssen in performing some of the necessary cal- 
culations. He also is grateful to the management of 


Inland Steel Co. for permission to publish this paper 


Discussion of this paper, if any, will appear in 
JOURNAL OF METALS, November 1955, and in AIME 
Metals Branch Transactions, Vol. 203, 1955 


References 
G. Derge and M. Tenenbaum: Physical Chemistry 
of Slag-Metal Reactions Basic Oper Hearth Steel- 
g. (1951) chap. 17. New York. AIME 
P. T. Carter: Steelmaking Reactions. Iron and Steel 
Great Britain (June to September 1953 26 
J. F. Elliott: Report given at AIME Symposium on 
Recent Developments in Constitution of Slags, Mattes, 
and Molten Slags (February 1953 
S Glasstone Thermodynamics for Chem stry 
1947) New York. D. Van Nostrand Co., In 
R. Schuhmann, Jr. and P. J. Ensio: Trans. AIME 
1951) 191, p. 401; JournaL or Merats (May 1951) 
N. A. Gokcen and J. Chipman: Trar AIME (1952) 
194, p. 171; Journat or Merats (February 1952 
C. R. Taylor and J. Chipman: Trans. AIME (1943) 
154, pp. 228-247 
‘L. S. Darken and R. W. Gurry: Physical Chemistry 
f Metals. (1953) p. 397. New York. McGraw-Hill 
Book Co. Inc 
J. F. Elliott and J. Chipman: Journal American 
Chemical Society 1951) 73 p 2682 
F. D. Rossini, P. D. Wagman, W. H. Evans, S. Levine 
and I. Jaffe: Selected Values of Chemical Thermody- 
umic Properties. Circular 500 National Bi 


makir 


ireau of 
Standards (1952 
M. Rey: Physical Chemistry of Melts. Symposiwmr 
Institute of Mining & Metallurgy, London (1953) f 
L. S. Darken: Thermodynamics in Physical Metal- 
lurgy. Symposium at 3lst National Metal Congress 
ASM (1950) pp. 28-46 


F. D. Richardson: Physical Chemistry of Melts 


Symposium Institute of Mining & Metallurgy, London 


(1953) p. 75 
T. B. Winkler and J. Chipman: Trans. AIME (1946) 
167, p. 111; Metats Tecunovocy (April 1946) 
E. T. Turkdogan and J. Pearson: Journal British 
Iron & Steel Institute (1953) 173, p. 217 


TRANSACTIONS AIME 


4 
inar’ ne is 4 
ne, a much 
od I cal- 
aust ‘ 
the 
These are 
e and 
‘ 
e re j 
ead ila 
th 
+} met 
1 the activ- 
tem FeQ 
7 
re 
rey 
jirew differs 
18-Dase 
Vi 
ware thre 
tal 
arne er- 
A Lit 
‘ 
ik 
‘ e- 
the plex 
rig ri veve ne metnod ¢ ad- 
f me ind 
ate further 
+) 
‘ the ve - 
ise’s aT i 
+? 
‘ 
y ivwnami- 
‘ 
an 
Vv tery bv 


AIME OFFICERS: 
President—H DeWitt Smith 
Vice-Presidents— WA Den 

President-Elect—C._ Reistie, Jr 
Treesurer—G Moultor 

AIME STAFF: 
Secretary—Ernest 
Secretary Emeritus— 
Ass't. Secreteries— 
Field Secretary & Ass't. Secy—®. O Breer 


Ass't. Treasurer—/ Ano 


Fairless Works To Be Visited By 
Steel Conference Registrants In April 


Ce news 


HE 38th Blast Furnace, Coke Oven and Raw 

Materials and National Open Hearth Conferences 
April 18, 19, and 20 will feature an inspection trip 
through the Fairless Works of the U. S. Steel Corp 
Chartered buses will leave the Bellevue-Stratford 
Hotel, Philadelphia, Wednesday, April 20 at 9:00 am 
and will return about 4:00 pm. A box lunch will be 
served by the company during the return bus trip 
A charge of $4.00 will be made by the Conference 
Committees to help defray the plant trip transporta- 
tion and other nontechnical expenses 
Adequate hotel facilities will be provided at the 


Bellevue-Stratford Hotel and other Philadelphia 
hotels. Hotels, however, will not hold blocks of 
rooms after April 1. Hotel reservation requests should 
be made directly to the hotel selected 

The registration fee for either Conference is $7.00, 
which includes a copy of the respective Proceedings, 
when printed. There is no registration fee for stu- 
dents at any of the sessions, unless they want a copy 
of the Proceedings. AIME members are entitled to 
a $2.00 reduction in the registration fee upon pres- 
entation of their membership card 


Preliminary Program of 
Slast Furnace, Coke Oven, 
Raw WMaterials Conference 


SUNDAY, APRIL 17 


3 to 9 pm 
Registration 


MONDAY, APRIL 18 


8 om to 5 pm 
Registration 


9:30 om 
Agglomeration and Raw Materials Session: 
Welcoming remarks. Grading of Minnesota ores 
for blast furnace consumption; sinter practice at 
Ford Motor Co. sintering plant; permeability of 
sinter plant feed; productivity of the conven- 
tional Dwight-Lloyd sintering machine; produc- 
tion and properties of experimental pellet sinter 


2:00 pm 
Blast Furnace Operations Session: 
Production and use of iron coke; 100 pct sinter 


burden at Gary Works; making self-fluxing 
sinter and its use in the blast furnace (Dom- 
narfvet, Sweden); stove cleaning. 


TUESDAY, APRIL 19 


8 am to 5 pm 
Registration 


9:30 om 
Joint Session: 
Effect of hot metal on open hearth heat time; 
use of open hearth slag in the blast furnace and 
effect on open hearth practice; discussion of 
mutual problems of open hearth and blast fur- 
nace operators 


9:30 om 
Coal and Coke Session: 
Coke oven to measure expansion pressure; rela- 
tion of charge density of coal to carbonizing 
behavior; statistical quality control in coke 
plant 


12:30 pm 
Luncheon Meeting: 
Everyone attending the Blast Furnace, Coke 
Oven, and Raw Materials sessions is invited to 
attend this luncheon and annual business meet- 
ing. 
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¥. Mein, Jr 4A 
* 
bi 
PLO L LOLOL LOE 
; 


2:00 pm 


Coal and Coke Session: 


oft 
4a! aspec 


coal q jality 
hemicals 


progress in 


additional! 
operation 


carbonization 


coal 


2:00 pm 


Blast Furnace Theory Session: 


yvement models; reduc- 


on ox from slag by liquid 


6 30 pm 


Reception 
pm 


Annual Fellowship Dinner 
A. H.W Federal Re- 


ident, 


WEDNESDAY, APRIL 20 


Registration 
2m 


Plant trip 


Preliminary Program of 
Uational Often Hearth 
Steel Conference 


SUNDAY, APRIL 17 | 


Registration 


to om 


pm 


Registration 


om 


General Session 


Hot Metal Basic Operations Session 


ising & it time: 
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10:30 om 


Acid Operating Session: 
Economics of acid open hearth production 
survey 


sand 


2:00 pm 


Refractories and Masonry Session: 
All 
of port 
brick; gun 
and roof 


basic furnace construction 


modified slopes 
special refractories for checker 


maintenance of backwalls, skews, 


roots 


2:00 pm 
Operating Metallurgy Session: 
Residual metals in 
observed by 


steel, 1954: rimming action 
motion pictures; influence of ingot 
size on segregation in rim steel 


ping practice 


special hot top- 


TUESDAY, APRIL 19 


8 am to 5 pm 


Registration 


9:30 am 


Joint Session: 
Effect of hot metal on 


heat 


ast furnace an 


hearth 
use of open hearth slag i he b 


ct on open 


time; 


hearth practice; discussion 
mutual problems of open hearth and blast fu 


nace operators 


9:30 am 


Cold Metal and Basic Foundry Session: 


Pouring small molds witl 


hea! 


ladles 


ana ] iri 


com- 


parison of open furnace 


operat! costs 


plant; atomiza- 


high pressu! : combus- 


100 px metail- 
control in a cold m 


bottom pourin 


cleaning of checkers 


quality 
2:00 pm 


Operating and Combustion Session: 


7 


Controlled firing rates: use of larg 


amounts of 
high pressure coke oven gas; use of lar ! ints 


of low pressure coke oven ga omization with 


natural gas; oxygen steelmaking Canada 


6:30 pm 
Reception 


7:00 pm 
Annual Fellowship Dinner 
Speaker: A. H. Williams, P 
serve Bank of Philadelphia 
Toastmaster: C. L. Huston, Jr., President 
Steel Co 


Federal Re- 


resident, 


, Lukens 


WEDNESDAY, APRIL 20 


8 am to 4 pm 
Registration 


9:00 am 
Plant trip 


ucts from oma ent 
European 
tion of (iron; 
tact affectur jesulphurization in the blast 
. furnace; desulphurization of iron as influenced 
by alloying elements and CO pressurs 
ank of Philadelphia | | 
q I trnast« C. L. Huston, Jr., President, Lukens 
Som to 4 om | 
d 
f 
4 r- 
in 
tion of f 0) 
lui 
— 
| MONDAY, APRIL 18 | 
| 
“ mit remark Announcements. McKune 
pap 
| 
10.30 em 
ect of nozzle 4 
pocket block and autopour on production and 
yuality; reduction of bank and bottom delays by 
bath temperature contro 


Lays Stress 


LANS for the Joint Metallurgical 
Societies Meeting in Europe June 
1 to 19 will place the accent on per- 


sonal contact rather 


presentation of prepared papers 


ns emanating 


With plant excur 
fron London, Diisseldorf, Liege 
and Paris, AIME members will have 
an opportunity to talk over mutual 
problen with people schooled in 
European technological develop- 
ment 

Just what w ll the meeting cover? 
Prograr scope will encon pass iron- 
making including coke and ore 
preparation teelmaking, mechan- 
ical working and heat treatment 
both ferrou and nonferrous (in 
cluding hot and cold rolling, forg 
ing, wire drawing and continuous 
casting, but not the foundry indus 
try refining and fabrication of 
nonfe netals, heat treatment 


rf € treatment ine iding finie 
ing and coating meta irgicail edu 


cation and training in industry, and 


\ pler al r na been 
pianned for each country visited but 
a or kL ip ‘ i pre ide the 
main vehicle. European societies ar 
appoint grour eade to guide 
r I tion to the fact 
that t e group leaders are recog 
nized tis thers } 


Dusseldorf's convention hol! 


European Meeting 


On Personal Contacts 


The Arc de Triomphe in Paris 


leading experts available to partici- 
pate in the talks 

Trips have been arranged to the 
largest and most modern metallur 
gical establishments in Great Britain 
and on the Continent. Tours available 
to participants while in England in- 
clude works of Stewarts & Lloyds 
Ltd.; Enfield Rolling Mills Ltd.: and 
several alternate research organiza 
tions. Other British Isles tours take in 
South Wales, Birmingham, Sheffield, 

Durham, Yorkshire, and 
tallations in Scotland 
Resurgent West Germany and its 


Scunthorpe 


industry will be on display in a first 
hand showing. Technical visits to 


plants and laboratories, talks with 
the men who brought about the re 
birth of German production, and a 
look at German methods are on the 
agenda 
Fron 
will take 


Disseldorf, the itinerary 
delegates to Liege, Bel 
giu visitors can see the 
plant of the Soc. Anon John Cock 
erill. Another tour is planned for 
the new laboratories of Centre 
National de Recherches Metallu: 
ques at l'Abbay du Val-Benoit 
And then on to Paris where the 
opening plenary session will be at 
the Sorbonne or the University of 
Paris. Technical visits in and near 
Paris include Centre d'Etude d 
Chimie Metallurgique at Vitry 
Centre Technique des Industries d 
la Fonderi« at Sevres, Jasquet 
Hispano-Suiza at Boi 
and Conservatoire des Arts-et-Met 
iers, Paris 
Travel Arrangements 

There are still openings on the 
delegation from the U. S. However 
wishing to go are urged 
to make their intentions known 
quickly. Travel arrangements are 
by Thomas Cook & Son. Cost of the 
basic tour, including first class pas 
sage is about $1500. Information 
on accreditation, industrial visits 
steamer and air transportation, and 


m, where 


Colombes 


those 


hotel reservations may be obtained 
by writing Ernest O. Kirkendall 
Secretary, American Committee, 29 
West 39th St.. New York, N. Y., or 
Thomas Cook & Son 

American participation the 
meeting is under joint sponsorship 
of the AIME and ASM. Co-Chair: 
men of the American Committee are 
Leo F. Reinartz and James B 
Austin 

A great many technical trips have 
been planned and are 
alternate tours. Transatlantic pa 
main tour reservatior 


available a 


sage and 
should be made immediately. Reser 
vations for alternate trip are 
limited so fast action is required to 
avoid disappointment 

De spite the heavy technical pro 


gram, there will be time for a tast« 
of the Europe one reads and hear 
about. Par the City of Light, 

be in one of its most graciou beau 
tiful seasor for the meetir Lor 
dor witl ts history, Buckinghar 
Palace and Elizabethan page t 

awaits the tourist. Germar f t 


gorgeou countryside 


good food 
and castle on the Rhine ire cer 
tain té nduce freetime roaming 


The Landseer Lion in London's Trafalgar 


Square 
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al 
et 
3 
at 


Pacific Meeting 
Plans Progressing 


Plar for the Pacific Northwest 
Regional Conference to be held in 


Spokane April 28, 29, and 30 are 
progressing cely according to A. Y 
Bethune, Sullivan Mining Co., Kel- 


logg, Idaho, General Chairman 
Frank N Marr president, Spo- 
kane-Idaho Mining Co has ac- 
ted Chairmanship of the Com 
nittee on General Arrangements in 


A. Y. BETHUNE 


General Chairman 


pokan¢ ar g all facilities at 
Hot headquarter 
ve ther 
‘ t ince 

Ja pre t. 

(;Ta ‘ M ‘ na H if t 
f spoka Chamber of 
w.M t lept. of ng 


17 to 19, 1955 


this meeting 


Apr. 15, 1955 is the deadline for papers that are to be presented 
at the Institute of Metals Div. Fall Meeting in Philadelphia, Oct. 
Papers received by this deadline but requiring 
revision may not be processed in time to permit scheduling for 


appointed as Chairman of the Div 
of Physical Metallurgy and Lee W 
Heinzinger metallur super- 
visor, Bethlehem Pacific Coast Steel 
Co., Seattle, Wash., has been ap- 
pointed Chairman of the Div. of 
Iron and Steel for the conference 


€ssions 


gicai 


F. R. Morrall reports that one of 
the features of the conference will 
symposium on X-ray fluo- 
This program is 
planned to be of interest to most 


AIME such as 


be a 


rescent analys 


members of the 


Ogist mining engineers, chemists 
extractive and physical metallur 
gists, and anyone interested in indus- 
trial minerals and minerals beneficia- 

tior 
tect al or Saturday 
will be followed in the 


afternoon by a demonstration ses 


ym on X-ray fluorescent analysis 
In the morning technical session 
there ll be a brief description of 
the principles of the method. This 
Ww be followed by a discussion of 
analytical precision and statistical 
aspect of metallurgical plant con 
trol. The speakers will present ac 
t lata on the application of X-ray 


fluorescent technique to mineral 
and metallurgical products, and its 
app! tion to industrial hygiene 
ind tox gy. X-ray fluorescent 
analysis results will be given on 
ore concentrates tailings, 

" and alloy The speakers at 

t technical session will be F. A 
Hames, head of the dept. of metal- 
at the Montana School of 


Use This Coupon To Order Your AIME Directory 


Send 1955 Directory to: 


Name 

Street Address 
Apt. No. 

City 


Zone 


(Print Name and 


State 


Mines, Butte, Mont., D. M. Morti- 
more, head of the physics labora- 
tory, Bureau of Mines, Albany, Ore., 
and P. A. Romans, also of the Al- 
bany Bureau of Mines 

Among the specific topics to be 
discussed will be tungsten ores, 
concentrates and tailings, hafnium 
in zirconium ores, and production 
plant products, columbium, tanta- 
lum, uranium, thorium, and various 
rare earth elements in the complex 
ores. Materials related to more com- 
mon metals will also be presented 

In the afternoon apparatus will be 
on display to demonstrate X-ray 
fluorescent analysis techniques and 
to run samples for interested parties 


Send Coupon For 
New AIME Directory 


During the month of June, a 
new all-Institute Directory will 
be issued. This publication will 
contain an alphabetical and 
geographical listing of all mem- 
bers on the Institute records, 
Feb. 1, 1955. In addition, the 
Directory Supplement Lsting 
all officers, Branches, Divisions, 
Local Sections, Student Chap- 
ters, and committee personnel 
will be included with this 
volume 

However, increased costs for 
producing this type of material 
have made it necessary to alter 
the procedure of past years 
The Directory will be mailed 
only to those members in good 
standing who request it by fill- 
ing out and mailing the coupon 

This is most important, as 
requests by letter will not be 
acknowledged. Each request 
for the Directory must be made 
with the coupon. Subsequent 
announcements will be made 
concerning the Directory, but 
the coupon appearing in this 
ssue of the magazine will be 
the only valid requisition for 
the book. Fill in the coupon 
and mail to AIME, 29 West 
39th St.. New York 18, N. Y 


PLEASE PRINT YOUR 
NAME AND ADDRESS CLEAR- 
LY. THIS COUPON WILL 
SERVE AS THE ADDRESS LA- 
BEL FOR YOUR COPY OF 
THE DIRECTORY. 
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IN THE REALM OF FORGING 
PROPER GRAIN-FLOW, WYMAN- 
GORDON HAS ORIGINATED MANY 
FORGING DESIGNS WHICH AT THE q 
TIME OF THEIR DEVELOPMENT 
«WERE CONSIDERED IMPOSSIBLE 
FORG NGS OF UM* MAG UM*STEEL* TITANIUM 
. 


Compact, versatile 


x-ray inspection unit 


Here's one of the ten mounts 
available for OX-175. It's a 
mobile truck with elevating 
tube stand 


Sturdy control cabinet measures 
18x 18x 14 inches features 
iree, easy-to-read dials, pin- 


pommt accuracy of operation. 


General Electric OX-175 
can help you cut costs 
... improve quality 


Opening new horizons for industry in the use 
of x-ray inspection is General Electric's new 
OX-175. This r gg d, lightweight apparatus 
handles the widest working range ever cov- 
ered by a single x-ray unit 


The OX-175 can be easily moved from one 


job to the next, and its 200 feet of cable 
gives it extra portability. Highly versatile, the 
OX-175 can b equipped wit! angle-target 


tube for 60° field of radiation. With flat-tar 
get tube it will produce a 360° hi Id of radia 
tion that will rad ogtaph an entire circumfer 
ential weld in one xposure This also permits 
simuitancous radiographit vy ofa large num 
ber of castings or assemblies by groi ping 


these around the tube head 


In addition, the small size of the tube head 
makes it ideal for inside-out radiograt hy 
giving greater radiograph overage, better 
radiographs, and reducing protective needs 


Get all the facts t:om your G-E x-ray r Pp 


resentative. Or write X-Ray Department, 
General Electric Company, Milwaukee 1, 
Wisconsin, for Pub. AY34. 


Progress /s Our Most /mportant Product 


GENERAL ELECTRIC 
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William B. Nelson, Great Lakes 
Corp., has been transferred from 
New York to Waltoria, Calif 


John A. Bara has joined the atomic 
energy div., Sylvania Electric Prod- 
ucts, Inc., Bayside, N. Y., as a metal- 
lurgical engineer. He had been on 
the staff at Battelle Memorial Insti- 
tute, Columbus, Ohio 


Robert L. Kamm has resigned from 
the Wiltshire File Co., Victoria, Aus- 
tralia, and is now associated with 
the Carboloy dept., General Electric 
Co., Detroit, Mich 


Herbert M. Meyer has joined the 
Watertown Arsenal Laboratory, 
metals research branch, Watertown, 
Mass. Mr. Meyer had been with the 
Armour Research Foundation, Chi 
cago Il 


V. A. Phillips has resigned from the 
Britis! Non-Ferrous Metals Re 
search Assn. to accept the position 
of s« in the chemi 
section of the 
Luton Airport 
England 


Luton, Bedfordshire 


R. R. Lloyd has become process 
superintendent Titaniun Metals 
Corp. of America, Henderson, Nev 
He had been assistant supervising 
engineer, U. S. Bureau of Mines 
Boulder City, Nev 


A. O. Hall chief geologi for the 
American Smelting & Refining Co 
Wallace, Idaho 


E. R. Marble, manager of the Ta- 
coma smelter, American Smelting & 
Refining Co.. Tacoma, Wash., has 
been traveling through the Orient 


Ernest G. Ovitz, Reynolds Metals 
Co., Salida, Colo., is now located at 
Benton, Ark 


William J. Jenkins, formerly with 
the Jovy Mfg. Co., Pittsburgh, has 
joined the staff of the Westinghouse 


Electric Co., Pittsburgh, Pa 


Frank B. Huke has been appointed 
chiel atomic products engineer, re 
fractories div., Norton Co., Worces 
ter, Mass. Mr. Huke has been associ 
ated with the Norton Co. since Sep- 
tember 1954 


Michael P. Apostolik has become 
manager of Wheeling Steel Corp.'s 
New York district sales office. He 
succeeds Harold W. Schroeder who 
recently retired after 39 years with 
the company. Mr. Schroeder was re 
tained as a consultant 


William H. Kinney has been ap- 
pointed resident metallurgical engi- 
neer for the Kaiser Steel Corp., 
Oakland, Calif 


Robert F. Renkin has been named 
research and development engineer 
for the Sharon Steel Corp., Sharon 
Pa. George D. Meyers who wa 
superintendent of hot strip finishing 
div. since 1950 now has been named 
superintendent of coating in addi 
tion 


William W. Lamb was 
sale manager Precisior Metal 
smith Inc Cleveland, Ohio. He 
R. W. Evans, who was 
named vice president and treasurer 


appointed 


succeeds 


Leonard C. Schmidt has been named 

ch ; f tooling 
at Worces 
Worcester 


work manager 
and production acti 
ter Pressed Steel 


Mass 


M. S. Gokhale, RCA Victor div., RCA 

the 1955 president of the Stand 
ards Engineers Society Camder 
N. J. Herbert G. Arit, Bell Tel 
phone Laboratories, has been elected 
vice president 


Robert L. Wright has been ap 
pointed industrial designer ales 
and product planning, General Ele« 

tric Co laminated and insulating 
products dept., Pittsfield, Mass 


Clarence B. Sampair was elected to 
Minnesota 


the board of 


sirectors 


Mining & Mfg. Co., St. Paul, Minn 


Personals 


Eugene A. Leary is presently em- 
ployed at the Pratt & Whitney Air- 
craft div United Aircraft Corp., 
East Hartford, Conn., as a develop 
ment metallurgist 


Joseph M. Denney has been ap 
pointed a research associate in the 
metallurgy dept., General Electric 
Research Laboratory, Schenectady, 
N. Y. Dr. Denney had been a re- 
search engineering consultant with 
the North American Aviation Co 


Raymond H. Capps and Aubrey M. 
Kirby have joined the staff of the 
Electro Metallurgical Co.'s metals 
research laboratories, Niagara Fall 


Clayton L. Davis was appointed 
technical service director of the Uni 
versal Atlas Cement Co... New York 
N. ¥ 


Nelson M. MeGuire was recently ap 
pointed assistant to the vice pre 

lent of sales, American Manganes« 
Brake 


American Shoe 


cago, Ill 


Stee] liv 


Douglas C. Lynch, formerly execu 
tive vice president of Brush Elec 
troni Co Cleveland, ha been 
named president 


B. J. Osborne has been appointed 
i tant to the vice president and 


Kaiset 


Steel Corp 


Roy D. Palmer, formerly associated 
with the Al iminur (*, if A, er a 
and Arr Lid na joined 
Loewy -Hydropr« Ce New York 
N. Y., as industrial consultant 


Herman E. Bakken, a tant gen 


eral manager nur of 
Amer : refining aiv na been 
named general mar of the di 


sion. He A. B. Williams 


who is retiring as general manager 


succeed 
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N. 
. 
Co., Chill 
| 
ger 
Oakland, Calif 
A 


George Bennethum has been 4p- 
pointed assistant manager of tool 
steel sales for the Carpenter Steel 


Cc Reading, Pa. Prior to his pro- 
motion Mr. Bennethum was a sales 
representative in Cleveland 

Lioyd V. Guild has been elected 


vice president in charge of research 
and product development, Burrell 
Corp. Mr. Guild has been with the 
firm since 1941 as research director 


Necrology 


ise W W Sin 
1998 James 


Date Date of 
Nam Death 
92 David Atkins Unknown 
shy F. Baker De« 9. 
“ Jar 19, 1956 
G. Lister Carlisie Dec. 22, 1964 
914 Jot A. Dresser Unknown 
oo7 W.R. Ellis Ja 30, 1965 
929 Devid E. Greer De 1, 1954 
918 Vied t A. Grodsky Jar 6, 1965 
962 Robert L. Hardy De 29, 1954 
a Hart G. Lichtenstein Unknowr 
T. Parker Ja 12, 1965 
11, 1966 
Unknown 


Proposed for Membership 


— Metals Branch AIME— 
T emberahtsz a De 31 
n add mn 2179 Student Assoct- 
ADMISSIONS COMMITTEE 
B. J. Fraser, Chairman; KR. B. Caples 
Vice r an, F A. Ayer, A. C. Brinker 
AH Max Gensamer, ivan A. Civen 
Fred W. Manson, T I Jones, Sidney Rolie 
| John T. Sherman, F. T. Siac 
Fran Weems, R. L. Ziegfeid 
The Inetitute desires to extend its privi 
eyes eve person whom can be of 
iesire as members per 
fons unqualified. Institute members 
are wry as " as poser 
ble ar ediately to inform the Secre 
rye i peop sre found 
unqualified for AIME 
rs 
the wing list 5 means change of 
status; reinstatement; M, Member; J, Jun 
ior Member; A. Associate Member; Student 
Assoctate 
Alabame 
a“ r Gearhart, Thomas A \ 
Arizees 
Phoer Feverstein, William ‘J 
s-J 
Califernta 
Charlies M.. J A 
ere James H. iM R.M 
( elerade 
4 Pettit. Frank P M 
De {uff mn, Mervin G M 
Cennecticat 
Hogue, Rebert § M R s 
s.M 
“ }—Wiliheim, Arthur C.. Jr. (M 


Delaware 


Wilmington Mix, Hugh B. (A 
Tilinets 
ont Garner, Pe A 
‘ —_Dyer, Ha B. iM c/s 
AM 
Leme Kelman, LeRoy R. (M R.c/S 
S.-M 
hiake F h, David A. 
Aamodt. Herbert C A 


Riverside 
ne—-Lieberman, Davia 8. 


Indians 

Kast cego—-Gents, Robert S (M 
New Castie—Terr, Melvin (A 

W hiteng Hendricks, Lester A 
Maryland 


Baltimore—Borman. Richard L 
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Massachusetts 

Nee m—Cairns, Raymond £., Jr. (J) 

South Lincoin—Shank, Maurice E. (M) (C/S 
A-M 


Michigan 
Ber ngham 
A-M 
Muskegon 


Olson, John H. (M) (C/S— 
Lenar, Eugene J. (A) 


Missouri 

erguson—Hug, Allan E. (A 
Jopitn—Schutz, Howard W. (M 
A-M 


Nevada 

Boulder City—Fuller, Harry L. (M 
Henderson—Davis, Claude M. (M 

Reno— Winston, John 8. (M) (C/S—A-M) 


New Jersey 


Jersey City—Holmes, Tunis L. (A) (R.C/S 


J-A 
Mendham—Manzone, Mario G. (M) 
Ne k—Green, Robert B. (M 
Rive »—Hendren, Robert R. (A) 


R. (M 
weeve, Francis J. (M 


I port--Emer Charles H 

Ne y k—Frenkel, Robert Ed. (J 

New York—Nanda, Madan M. (J) (R.C/S 
8-J 


Niagare Falis—-Korczynsky, Michael (M) 
Ss 


Sche ctady—McMullin, John (M) 
A-M 
Darwin ‘A 
Ohble 
Barberton—Oros, George J. (A 
Car Capuar Anthony ‘(A 
Dye, W A 
Car Peters Leland [ A 
Stewart, Alexander, Jr. (M 
nnat Westermann, Fred E. (M) (C/S 
M 
‘ Morris, J. Howard, Jr. (A 
i—-Rodgers, W! om (M 
4--St Harry D A 
»—Keeler, John KR. (M R.c/S 
n—Rickey, James H., Jr. (A 
Ne k—Cunningham, James W. (M) (C/S 
N »-M head, Paul E J 
5 Graham, Gienn R M 
4 ‘ Weimer, Clark H. (M 
“ ug y—Wikle, Keith G. (M) (C/S— 
A-M 
Oregen 
A 1y—Deardorff, Donald K. (M 


Pennsylvania 


Beave Wa William W 

Be e—O Donne Jot M. iJ 

Be Bigae, H ry A 

B e—Shaw, Richard B. (A 

J n-~Mulien, Gerald R. (A) 

I 3 Webster, Richard R M) 

e, Josep? A 

Ne sir Factor, Michael V. (A) 

Oo Pears oB A 

< Jefferts, Philip P. (A 

P Brast es, Creighton A. (A 

P Casey, S 1 Jr. (A 

shee, John H., Sr. (A 

Forsyth, Robert H. (A) 

P G an, Henry B. (M) (R.C/S 

i Hines, Robert A A 

} Smith, Stanford O. (A) (R.C/S 
S-A 

Thomas M., Jr. (A) 

Stoyst "—Bittner, Robert W. (M) 

t tah 

ne—Knudson, Charies B. (A 

Lake City—Leigh, Arthur H. (C/S 
A-M 

Washingten 

Pu »—Zelerny, William F. 

S-M 

Wiscensin 

jrafton—McDowell, Stanley E. (A 

Canada 

A ibe Haworth, John B. (J) (R. J) 

Hare James H._D. (M 

st a. William M. (™) 

Winds happell. James N 

France 

; » Bensimon, Roland [ M 

Japen 

Ovak Toshio, Tenaka 

Tokvo— Yoshiteugu, Mishima (M) (C/S— 

AM 

Norway 

Os Hansson, Per C. (M) (C/S—A-M) 

Sweden 

Nynashemn—Lundgren, Gosta T. (M) 
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ELECTRIC 
MELTING FURNACES 


Largest 
Electric 


in the ultra-modern mill of McLouth Steel capacity Heroult Electric Furnaces are an economically 


NSTALLED 
I Corporation, in Detroit, these giant 200-Ton Heroults sound investment—even for high tonnage steel-making 


wre the largest electric melting furnaces ever built. With We welcome an opportunity to help you select and in 


in inside shell diameter of 24°6", they have a rated stall the furnace best suited to your particular require 
charge capacity of 400,000 pounds, and each is designed ments 

for efficient operation on 25,000 to 33,000 KVA trans ASK FOR NEW CATALOGUE. (on /ains latest information on 
former capacity. Featuring a swing-type roof, these fur modern electric furnacs types. sizes, capacities, rating, 
naces are equipped with the finest, most up-to-date etc. Write Pittsburgh Office for free copy 


mechanism and electrical controls availabl 
AMERICAN BRIDGE DIVISION. UNITED STATES STEEL CORPORATION 


McLouth’s adoption of electric furnaces of this size 
GENERAL OFFICES. 525 WILLIAM PENN PLACE PITTSBURGH, PA 


sets a precedent. It is a “first” which should conclusively 
prove that, in sddition to closer control, higher uni Contracting in Hew Vor, 
See ond other premcipel 


formity, better performance, and greater safety, large tat 


> 
i eration! 
ho. 


NEW 
Evectromet ferrovanadium now comes packed in 
bags. This makes it easy to charge to the furnace or 
add to the ladle 


NO WEIGHING 


Each bag holds exactly 25 lb. of contained vanadium 
Just count the bags. Weighing is not necessary 
EASY TO IDENTIFY 


Bags have wide blue bands for positive identifica 


1 


tion. Dirt is kept out and there is ne hance of mixing 


with other alloys 


LOWER HANDLING COSTS 
You can get bags packed on pallets if you prefer 
Pallets are easy to handle by lift truck or crane — and 


they need not be returned 


1IGH-QUALITY ALLOYS 
te E rROMET ferrovanadium is uniform in analysis 
fs closely graded rrectly sized, and physicall ean 
There are four grades high-speed, special, open 
hearth, and foundry 
IMMEDIATE DELIVERY 
Pi Write, wire. or phone f re rmation at 
: how E TROM bagged vanadium can cut your costs 
Offices in principal steelmaking centers 
The tern Electromet™ is registered trade mark of Unior 
‘ irbor rporation 


6 ELECTRO METALLURGICAL COMP 


ANY 


treet New York 17, N.Y 


J 
A Division of Unior ‘ poration 
In na Electro Meta!lurgical mpany. Division of 3 wis 
U irbide mada Limited. Welland, Ontari 
‘ 


